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Co-ordination in the operation of main-line 


railways and light railways, 
by R. HENNING, 


Inspecteur en chef, adjoint au Directeur de V’Exploitation, 
Belgian National Railways Company, 


It was under this heading that there 
appeared on the agenda of the Interna- 
tional Railway Congress Association 
(Cairo Session, 1933) the question of co- 
ordination of transport by main-line 
railways and narrow-gauge railways. 

Right from the start of his investiga- 
tion (*), the Reporter made no attempt 
to conceal his scepticism as regards the 
possibility of solving the problem. 

We extract the following - passages 
from his report : 


The question of co-ordination between 
the large and the secondary railways 
with which the present report deals is 
a somewhat delicate one. The heads of 
organisations who have attempted or 
are attempting to harmonise the two 
systems are well aware of the complexi- 
ty of such a problem. 


It would even be allowable to doubt 
the possibility of reaching any conclu- 
sions if it was a question of judging by 
the fate of the questionnaire which we 
prepared with a view to drawing up our 


(*) See Bulletin of the Railway Congress, 
May 1932 issue. 


XI—1 


report. Of the 131 railways to whom 
this questionnaire was sent, 32 gave us 
a well studied and informative reply; 
13 said they had no answer to give; 
and the remaining 86 did not consider 
it any good answering at all. 

. It might have seemed valueless to 
reply to our questionnaire, either be- 
cause there was co-ordination in certain 
cases and those concerned did not think 
it worth while to let us know their 
methods and the results obtained; or 
because there was neither possibility or 
hope of arriving at such co-ordination. 
But it might also have seemed to some 
that the very acuteness of the question, 
the diversity and sometimes even the 
antagonism of the interests concerned, 
made the position a rather delicate one, 
so that it might even be ill-considered 
to take sides publicly... 


The author of this report, Mr. Jacoss, 
General Manager of the Belgian National 
Light Railways Company, was more or 
less justified in giving vent to an almost 
discouraging scepticism, because, in Bel- 
gium, the situation of the standard- 
gauge and narrow-gauge railways is a 
very peculiar one. 
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Belgium, with an area of scarcely 
30000 km? (41600 sq. miles) is cover- 
ed by a network of 4900 km. (3045 
miles) of standard-gauge railways and 
4,800 km. (2980 miles) of light (metre- 
gauge) railways. 

There is therefore about one mile of 
railway track for each 3 square miles of 
the area. 

The light railway lines form an almost 
complete network which, with a few ex- 
ceptions, enables both passengers and 
goods to be carried from one end of the 
country to the other. 

This possibility induced the Belgian 
National Light Railways Company to in- 
crease its receipts by handling long-dis- 
tance traffic, whereas the idea of the 
legislators who created this Company 
was that there should be no complete 
network of light railways properly speak- 
ing. The light railways were to be scat- 
tered in between the meshes of the stan- 
dard-gauge system and feed — at low 
rates — towards the latter, products 
from agricultural districts and other in- 
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dustries situated far away from centres 
served by the standard-gauge railway. 

The far-reaching alteration thus un- 
dergone by the basic idea which brought 
the light railways into being was bound 
to create competition which can unhesi- 
tatingly be qualified as paradoxical. 

Is it not, indeed, a paradox that two 
Companies in which the Public Powers 
have invested large amounts of capital 
should start a tariff war to the detriment 
of public finance? 

The Managements of the two Systems 
realised this and by mutual consent 
sought to apportion the traffic so as to 
take into account the particular features 
of each system. 

Many attempts were made but none 
met with real success. 

The failures met with by the most se- 
ductive attempts were mainly due to ab- 
solutely different systems of rates in 
force on each of the two Railways. 

The diagrams below show, for a few 
classes of goods, the rates in force on 
standard-gauge and light-railway lines. 
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Explanation of French terms : 


Betteraves = beetroot. — Céréales = cereals. — Tarif g? chemin de fer — main-line railway tariff. — 
Tarif yicinal = light-railway tariff. — Bois de mines —= pit props. — Ciment = cement 
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These diagrams clearly show the con- 
siderable difference that exists between 
the two tariffs. 

One might take into consideration the 
sharing of traffic by forwarding same by 
the shortest route, but in order to do 
that, one would have to apply on the 
light railway the rates in force on the 
standard-gauge railway. This solution, 
the most logical at first sight, had to be 
abandoned for several reasons, of which 
we will merely quote two : 

1. The rates of a standard railway sys- 
tem are necessarily fairly complicated. 
They are based on the changing require- 
ments of trade and industry. A light rail- 
way need not preoccupy itself with the 
same considerations, and its staff, disse- 
minated across the country, often com- 
posed of temporary hands engaged on the 
spot, has no opportunity to become fami- 
liar with rating principles which are un- 
deniably complex; 

2. If the light railways were in all in- 
stances to adopt the rating system of the 
standard-gauge railway, traffic would 
have a still greater tendency to avoid the 
mixed route and remain constantly on 
the light-railway system. As a matter of 
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fact, mixed transport causes a rise in 
charges at the change-over point, as well 
as transhipping expenses. 

The additional cost resulting from 
these two causes and the sliding scale of 
the tariffs would enable the run over 
the light-railway system to be consider- 
ably lengthened without entailing a 
higher total charge than on a mixed ser- 
vice. 


It therefore appeared that a solution — 


could not be obtained from tariff measu- 
res, 

But road competition became more 
and more acute and, faced with the dan- 
ger it aroused to both Systems, a passive 
attitude could no longer be maintained : 
it became necessary to combine their ef- 
forts and stop competing with one an- 
other, in order to resist the attacks of 
which both of them were beginning to 
feel the disastrous effects. 

The first step they took was to abolish 
transhipment charges at connecting 
points. Goods were henceforth tranship- 
ped by the carriers and at their expense. 
The standard-gauge railway bore two 
thirds of the cost of this, and the light 
railway one third of same. 
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It is difficult to pass exact judgment 
upon the effects of this step, but it can 
be admitted that the increase in traffic 
which it brought about for the joint ser- 
vice covered the new burden which the 
carriers had assumed. 

That is already a satisfactory result 
because this additional traffic had, at 
any rate to a certain extent, been taken 
away from the road. 

More efficacious steps became, never- 
theless, indispensable. Competitive road 
haulage threatened, indeed, to take away 
the whole of the goods traffic from the 
light railway. The standard-gauge sys- 
tem would undoubtedly have also suffer- 
ed to a certain extent. 

The Managements of the two Railway 
Systems then decided to set up a com- 
mittee called the « Mixed Committee », 
and composed of delegates from each of 
the two Systems. 


Its mission was : 


(a) to settle, in a spirit of equity and 
mutual confidence, all controversies 
which had arisen during the time when 
the two railways were competing; 


(b) to study the effects of all deci- 
sions about to be made by one of the 
Systems and which might, in some way 
or other, affect the other one; 


(c) to try and find means for real co- 
ordination in the working of the two 
Systems. 


The dispatching station A is served by 
the light railway; 


Station A’ is the connecting point of 
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The Committee, which was to come to 
an agreement in as short a time as possi- 
ble, rapidly came to an understanding. 

All old outstanding disputes were sett- 
led, mostly by compromise : setting aside 
all discussion on principles, the Commit- 
tee always proposed practical solutions. 

The new steps which each railway pro- 
posed to take were discussed from the 
primordial point of view of protecting 
as efficiently as possible railway traffic 
against road competition. 

The exchanges of views in this Com- 
mittee had the indirect — but extremely 
fortunate — result of making each sys- 
tem understand the requirements of the 
other, and of allowing discussion to pro- 
ceed in a perfectly objective way. 

There remained to be settled the ques- 
tion of co-ordination properly speaking. 

After many investigations, the Com- 
mittee framed the conclusions which we 
analyse further on, and which were ap- 
proved by the proper Authorities of each 
System : 


The light railway retains its own ta- 
riffs for all traffic carried solely over 
its own system. 


When it is a question of mixed traf- 
fic, the rates of the standard-gauge rail- 
way is prolonged — without any addi- 
tional charge at the connecting point — 
over the light railway. The following 


example will make the arrangement 
clear : 
40 km B 


the light railway with the main-line rail- 
way; 


B is the destination station of the con- 
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signment. It is served by the standard- 
gauge railway. 

Formerly, the section A-A’ (142 km.) 
was rated according to the tariff in force 
on the light railway and the section 
A’-B (40 km.) according to the tariff of 
the standard-gauge railway. 

Since 1st April 1937 the section A-B 
(52 km.) is charged for according to the 
tariffs of the standard-gauge railway. 

The loss in receipts accruing to the 
carriers from this tariff standardization 
being fairly high, and as it was not pos- 
sible to foretell the effects of this new 
rating, the method of unification was 
slightly amended : a consignment for- 
warded by the combined service pays for 
the total route (A-B) at the rate in force 
on the standard-gauge railway, but it has 
to bear an additional charge of 20 centi- 
mes per metric ton and per kilometre 
run over the light railway system, with a 
minimum of 20 centimes per consign- 
ment. 

In the instance mentioned above the 
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consignment sent from A to B will there- 
fore pay : 


(1) the standard-gauge railway rate 
for a distance of 52 km.; 


(2) an additional charge of 20 centi- 
mes per metric ton and per kilometre 
run over the light railway system, or in 
this instance 2.40 fr. per metric ton. 

This additional charge has made it 
possible to reduce by about 80 % the 
loss in receipts which a pure and sim- 
ple unification of rates would have en- 
tailed. 

In view of the hope that may be plac- 
ed in co-ordination, the tariff unifica- 
tion thus amended has been accepted by 
all rail carriers, viz. The Belgian Natio- 
nal Railways Company, the Nord-Belge 
Lines, the Malines-Terneuzen Company, 
the Chemin de fer de Chimay, and the 
Belgian National Light Railways Com- 
pany. 

Unification of rates demanded an 
agreement as to the routing of the goods. 
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On principle, consignments are plann- 
Two ex- 
been made to 


ed to follow the shortest route. 
ceptions have, however, 
this rule, because 


It is a case of transport from A to B’. 

A is served by the light railway, and 
B’ both by the light and standard-gauge 
railways. 

Forwarding via A’ and B would re- 
quire transhipment at A’ and again at 
B, but would only mean a total run of 
52 km. 

Forwarding via A’-C requires only one 
transfer, at A’, but entails a total run of 
62 km. 
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(1) Additional unnecessary tranship- | 
ments had to be avoided. 

The following diagram shows a case in | 
which the routing can include only one, | 
or two transhipments : 


Am 


The tariff provides for forwarding via 
A’-C. 

If the consignor nevertheless asks for 
his consignment to be carried via A’-B, 
his wish will be complied with but the 
mixed tariff will not be applied : the 
consignment will then be charged for at 
the interior rate of the light railway on 
each of the sections A-A’ and B-B’ and 
at the tariff of the standard gauge rail- 
way over the section A’-B. In addition, 
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the charges for transhipment at A’ and B 
will be applied, whereas these expenses 
are borne by the carriers in the case of 
consignments at the joint tariff. 


A consignment from 4A, served by the 
light railway, is to be sent to B. It can 
be sent via A’-A” and via A’-C. 

The first route means a total run of 
47 km., 37 km. being over the light rail- 
ways system. The second route means 
a total run of 57 km., only 12 km. of 
which are over the light railway’s lines. 

On the joint service, the change-over 
must necessarily take place at A’, but in 
this case again the consignor can have 
recourse to split tariffs if it be to his 
advantage. It is understood that, in this 
case, the cost of transhipment at A” will 
not be borne by the railway. 

It may be said that, generally speaking, 
the change-over points have been arrang- 
ed by taking into account the routes 
which were used for consignments be- 
fore joint tariffs came into use. 


* 
* * 


We explained above that the organisa- 
tion of the light railways could not cope 
with the complexity of the tariffs of the 
standard-gauge railways. For this rea- 
son, stations of the light railways are 
not burdened with the making out of the 
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(2) The joint tariff must re-establish 
the light railway in the part it has to 
play, ie. ensure transport over short dis- 
tances. 


charges. 
which makes out the waybill and inscri- 


It is the connecting station 


bes the total charge to be paid. The 
light railway station restricts itself to 
making out a waybill to or from the 
connecting station and shows the sum 
it would have collected if joint tariffs 
had not existed. This document will 
enable it to be ascertained, when the 
time comes, to what extent the light-rail- 
way system has participated in the sacri- 
fice which joint tarification imposes 
upon carriers. 

When a sufficiently long experience 
will have shown the factors of the pro- 
portion in which the sacrifice varies, 
these statistics will be abandoned and 
the participation of the light railway 
will be fixed by contract. — 

Mixed tarification has been extended 
to international traffic from Belgium to 
places for which there is no through 
tariff. 

The consignor, whose factory is serv- 
ed by the light railway, indicates as the 
despatching station the junction station 
with the standard-gauge railway. The 
latter makes out the waybill and men- 
tions on it the charge as far as the fron- 
tier station, taking into account the dis- 
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tance calculated from the actual place 
of despatch. 

From a legal point of view, obviously 
the run over the light railway’s lines con- 
tinues to be governed by the Belgian law 
of the 25th August 1891, and the trans- 
portation only comes under the auspices 
of the C. I. M. (International Agreement 
on the Carriage of Goods) after leaving 
the junction station which alone stamps 
the waybill. 

The necessity for extending this sys- 
tem to international traffic having as its 
destination stations on the light railway 
system has not yet arisen. The question 
is, however, being studied. 


* 
* * 


In order to make co-ordination still 
more efficient, stations on the standard- 
gauge railway have placed at the disposal 
of the light railway their cartage (collec- 
tion and delivery) services. 

A consignment arriving at a station of 
the light railway situated in a locality 
where the standard-gauge railway has a 
cartage service can therefore be deliver- 
ed at the consignee’s door. Equally, a 
consignment to be carried solely by the 
light railway can be taken from the do- 
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micile of the consignor to the light-rail- 
way station. 

In most instances, goods traffic of the 
light railway is insufficient for the light 
railway to organise itself a collection and 
delivery service. By having recourse to 
the cartage system of the standard-gauge 
railway, the light railway benefits by the 
advantageous conditions the larger rail- 
way obtains from its contractors, thanks 
to the greater importance of its traffic. 


¥ 
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Co-ordination also exists as regards 
passenger traffic. 

On given routes, there have been creat- 
ed season tickets available over a given 
section of the standard-gauge railway and 
another section of the light railway. 

On the other hand, when a light rail- 
way station shows traffic of some impor- 
tance, the principal stations on the stan- 
dard-gauge railway issue tickets to the 
light-railway station in question. 

Co-ordination is thus created to the 
full extent to which it may be advan- 
tageous to the public and where it may 
counteract any efforts made by competi- 
tors. 
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Light metal suburban coaches designed by the 


French 


Est Railway, 
by Messrs. PONCET, 
Ingénieur en chef du Matériel et de la Traction, 


and FORESTIER, 


Chef adjoint du Service des Etudes du Matériel et de la Traction. 


(Revue Générale des Chemins de fer.) 


FOREWORD. 


The Est Railway Company decided in 
1929, for reasons of safety, to replace 
wooden-bodied double-decker suburban 
vehicles by metal ones. 

A first series of 120 coaches was put 
into service in 1932. These coaches, 
constructed on the « tubular » principle, 
have given entire satisfaction from the 
point of view of both comfort and main- 
tenance, but the need for producing 
very strong stock at a moderate cost led 
to relatively high dead weights. 
~The dead weight, per seat available, 
reached 226 ker. (498.2 lb.) for a second- 
class coach (tare 41.5 t. = 40.8 Engl. 
tons), and 220 ker. (485 lb.) for a third- 
class coach (tare 43 t. = 42.3 Engl. tons). 
The sets of ten coaches used at first 
weighed 472 t. (464 Engl. tons) empty. 

To haul this metal stock it was there- 
fore necessary to design and build loco- 
motives with four coupled pairs of 
wheels (series 141 700), more powerful 
than the 4400 engines which had pre- 
viously been sufficient for the suburban 
services. 

In 1934, when considering the ques- 
tion of electrification, the Company was 
led to compare the various possible solu- 
tions for the suburban services in order 
to find which would be the most econo- 
mical. After a careful investigation, in 
the case of the suburban lines leaving 
the Paris-Est station, it was decided to 
retain steam traction and to build new 
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metal carriages of a weight low enough 
to avoid the heavy expenditure neces- 
sary for new locomotives. 

Tractive trials carried out at that time 
shewed that the class. 4 400 engines used 
with the wooden-bodied double-decker 
sets would be able to haul trains of nine 
metal carriages (the composition adopt- 
ed in 1934, following the suppression of 
first class), at the same speeds, provided 
that the tare was at least 6 tons less than 
that of the first metal coaches. 

In these circumstances, the problem 
was to design a suburban coach, the 
weight of which would not exceed 35 


or 36 t. (34.4 to 35.4 Engl. tons), the 
following conditions, however, being 
imposed : 


— strength and comfort at least equal 
to that of the earlier coaches; 

— retention, for reasons of homoge- 
neity, of the general type of construc- 
tion previously employed; 

— limitation of the additional cost, 
due to lightening and various improve- 
ments, to a total which, according to 
the established balance, would not ex- 
ceed 50 000 franes per vehicle. 

The coaches ordered by the Est Com- 
pany, following this investigation, con- 
formed entirely to the conditions laid 
down. The tare, in particular, will be 
clearly below the fixed limit, since it is 
hoped that it will not exceed 32 t. 
(31.5 Engl. tons). 

We propose, in this article, to give 
some details of the method of construc- 
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tion, and of the means adopted for ob- 
taining a very important weight reduc- 
tion with a minimum of expense. 


General principles of the new design. 


As has been pointed out above, the 
Company has retained the general me- 
thod of construction followed for the 
first vehicles and has sought, in parti- 
cular, to utilise only those materials and 
methods of construction which are com- 
patible with French industrial and eco- 
nomic interests, so that there would be 
extensive competition for the work. 

It is above all by a rational use of 
these materials and methods of construc- 
tion that the Railway was able, as we 
shall see later, to obtain the desired 
lightening. However, a preliminary in- 
vestigation was carried out in connec- 
tion with general modifications in the 
arrangement, likely to give the same re- 
sult, modifications which concerned the 
number and size of the standing plat- 
forms as well as the size of the exits. 

Its investigations have led the Est 
Railway to believe it possible to dis- 
pense with the use of three platforms in 
the third-class coaches (an arrangement 
which was adopted in the earlier ve- 
hicles in order to increase the capacity 
at rush hours and to accelerate the entry 
and exit of passengers). 

On the other hand, the wide steps 
provided in the first vehicles so as to 
retain the easy exit facilities were re- 
tained. 

The surface and dimensions of the 
platforms have been determined with 
due regard for the regulations imposed 
by the Authorities on the proportion of 
passengers seated and standing, and the 
space available for the latter. 

Diagrams of the early vehicles, types 
B® and C8, as well as of the new coaches, 
types AB? and C1, will be found in fi- 
ames il, 2, si, auael 4h 

The orders now being executed in the 
works of four contractors include, in 
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addition, composite first/second and 
third-class coaches, series ABsC, and of 
third class-brake compartment coaches, 
series CD. A total of 90 coaches for the 
1936 programme of construction is in 
hand. 


ie 


Description of the construction. 


I. — Tubular framework 
of the « frame-body ». 


The essential characteristic of the de- 
sign of the « Est » carriages rests, in 
general, in the tubular construction of 
the frame-body unit, which is an essen- 
tial condition for obtaining maximum 
utilisation of the material for resistance 
to normal vertical stresses, as well as 
to accidental end forces as will be ga- 
thered from the diagram, figure 5, 
showing the principle of the design. 

The adaptation of the tubular form to 
the new suburban coaches of the Est 
Company is outlined in the perspective 
view, figure 6. The characteristic fea- 
tures of this type of construction may 
be summed up as follows : 


(a) Underframe encased in the body- 
work and surmounted by plates, form- 
ing the stretched part of the girder un- 
der flexure. 

These plates also form the bond be- 
tween, and the general bracing for, the 
buffing and drawgear members, the sole- 
bars and cross bearers, all these ele- 
ments being of pressed steel closed sec- 
tions with a high moment of inertia. 


It will be noticed that the constitution 
of the pressed steel underframe is parti- 
cularly remarkable for its cohesion and 
by the elimination of all heavy parts, 
either in sections or steel castings 
(eae Tc 

(b) Roof designed to absorb all the 


compression forces from the girder un- 
der flexure. 


The ends and sides of the coaches 
im consequence merely act as joints be- 
(ween the lower stretched part (under- 
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Fig. 2. — Diagram AB® type coach, 1936 design. 
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Fig. 4. — Diagram of C10 coach, 1936 design. 
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Passenger 
carrying 
capacity. 


| Seated. | Standing. 


1 
ion) 


94 


94 | 41.05 | 


108 | 


417 


Tare, 
| Metric 
| (English) tons. 
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Fig. 5. — Diagrams of the various types of girders. — Principles of design. 


frame) and the upper compressed part 
(roof). 

The result is that the moment of iner- 
tia for the section is at a maximum and 
it becomes possible, for equal strength, 
to markedly decrease the mass of metal 
used. 

The aspect of the constructional pro- 
blem is thus changed, and the whole of 
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WOOD-BODIED COACH. 

Bending and compression strength localised 
in the strutted steel frame. (Shallow gir 
der having a very small moment of inertia.) 


SEMI-TUBULAR METAL COACH. 

Bending and compression strength localised 
almost entirely in the underframe and sides. 
(Moment of inertia limited to that of these 


parts.) 


TUBULAR METAL COACH. 


Bending and compression stresses taken by the 
whole of the underframe strengthened by 
plates, the sides and the roof, using the 
maximum value of the moment of inertia 
resulting from the fully tubular construe- 
tion, the nearest approach to the ideal shape 
of a tube of cireular section. 


the coach can be conceived as a properly 
tubular underframe-body girder, utilis- 
ing the casing plates directly for re- 
sistance, without the heavy framing ins- 
pired by the old wooden construction. 
To perfect this design, it is sufficient, 
to prevent possible local warping by a 
system of interior strengthening of the 
tube, easily obtained by using a few 
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Fig. 7. 


— Perspective view of the frame ends (with the upper plates removed), showing 


the pressed steel box-shaped buffing and drawgear members. 


light pressed sections, closed as far as 
possible. 

(c) Powerful joints obtained by ex- 
tended overlapping and direct welding, 
without the introduction of interme- 
diate assembly parts, between the frame 
plates, walls and roof (fig. 8). 

These joints, whose extremely high 


resistance is in direct contrast to the un- 
reliability under shock of the rivetied 
joints used in other forms of metal con- 
struction, provide this stock with a 
higher coefficient of safety. 

(d) Combination of pressings and 
welding to give continuity of the plates, 
without projections or apparent joints. 
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This type of construction, known as 
shouldered joints, has very appreciable 
advantages : elimination of causes of cor- 
rosion, easier to paint, and better be- 


Section par un pied dangle 


Q :Soudure 6 larc en ligne 
ab.Soudure 4 larc en bouchon 
r .Soudure par résistance 


Fig. 8. — Characteristic examples 
of welded joints. 


Beplanation : 


Section par wun pied dangle = cross section 
of a corner pillar, 
a Villet weld (are welding). 
ab Plug weld (ane welding). 


ry Nesistance weld. 


haviour of the paint in service, easier to 
wash by machine, reduction of air re- 
sistance, and improved appearance. 
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The problem of the best shapes for 
obtaining the maximum strength being 
thus solved, a second step could be con- 
sidered in the search for weight saving, 
the use of high-tensile steels. 

Having avoided the danger of warp- 
ing by the extended use of pressings, and 
the appropriate shape of these members 
(which will be readily seen from an 
examination of figures 6, 7 and 8), it 
became possible further to decrease the 
thickness, and hence the mass, of metal 
used, by increasing its mechanical pro- 
perties. 

In this way the American « Budd » 
method of construction, has made it pos- 
sible, with an 18 % chrome and 8 % 
nickel steel (giving a breaking strength 
of about 120 kgr./mm? = 76 Engl. tons 
per sq. in.) to reduce the thickness of 
the plates to a few tenths of a milli- 
metre. 

It has not been thought necessary, 
however, to go so far in solving the 
present problem, which is to work trains 
of a given composition with existing lo- 
comotives, and it was decided to use 
a much cheaper steel, of a kind nor- 
mally manufactured in France. Conse- 
quently we have used semi-hard steel 
which costs eight times less than the 
18-8 high-tensile nickel-chrome steel, and 
which, with an average tensile strength 
of 60 kgr. (38 Engl. tons per sq. in.) 
only, has yet permitted a weight saving 
of 3100 kgr. (6834 Ib.) in the body 
frame, without requiring our builders to 
make any modification whatever in their 
constructional methods or in their plant. 


The additional cost, compared with the 
price of ordinary steel, Class AO, used 
for the 1930 type coaches, taking into 
account both the decrease in weight and 
the increased price of semi-hard steel, is 
only about 9000 frances or 2.7 % of the 
total cost. 

We considered, therefore, that with 
the various other means of lightening 
described later, this first step had suf- 
ficiently contributed to the solution of 
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the problem set, and this under condi- 
tions which were commercially sound, 
and acceptable. 


1930. 


« AO » steel. 
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The following table sets out a com- 
parison of the principal characteristics 
of the plates used in 1930 and in 1936: 


1936. 


Semi-hard steel. 


Breaking strength 30 kgr./mm? 58/65 kgr./mm? 

(22.2 Engl. tons/sq. in.) (36.8 to 41.3 Engl. tons/sq. in.) 
Elastic limit 20 kgr./mm2 40/50 kgr./mm? 

(12.7 Engl. tons/sq. in.) (25.4 to 31.7 Engl. tons/sq. in.) 
Elongation 128 % 18 % 
Cross resilience 5 kgrm. 6 kgrm:, 


(36 ft./lb.). 


Box-girders (caissons) and elastic draw 
and buffing gear. 


The lightening of the frame-body pre- 
sented a very delicate problem with 


regard to the local resistance at the ends. 

As is known railway stock is subjected 
to extremely high stresses in case of 
accident, or even during the shunting 
of the trains, the speed of which has 
constantly increased during late years. 

It seems opportune to recall that these 
peculiar circumstances have severely 
handicapped us, and this aspect of the 
question appears to be often lost sight 
of when comparing metal construction 
for railway vehicles with that for other 
methods of transport; doubtless, if we 
had to take into consideration only the 
tractive effort needed for hauling the 
train, or the normal exchanges of move- 
ment between vehicles of a train in mo- 
tion, or when starting or stopping, we 
could design a far lighter underframe. 

To make the best possible use of these 
unfavourable circumstances, we think 
the best solution again consists in the 
use of box-girders made of. steel pres- 
sings. 

Figure 7 gives a perspective view of 
these box-girders extending from the 
headstock to the bogie bolster, and ca- 
pable of absorbing, with an_ elastic 
deformation of about 6 mm. (1/4 inch) 


(43.4 ft./lb.) (minimum). 


a mean force of 1500 t. (1476 Engl. t.) 
providing an elastic work of 4500 
kerm. (32 540 ft./lb.). 

Such an underframe end forms a true 
shock-absorber, and adds, to the normal 
efficacy of the springs, the inertia effect 


resulting from its mass, so that acci- 
dental momentary stresses are almost 


completely absorbed within this impor- 
tant zone. Any residual forces are 
spread amongst the framework of the 
coach by means of the large gusset-plate 
joints to the bolster beam. 

The caissons themselves are protected 
by helical buffer springs, capable of a 
force, fully compressed, of 6300 ker. 
(13 890 lb.) with a working efficiency of 
480 kerm. (3470 ft./lb.) (per buffer), 
and by armoured rubber shock-absor- 
bers, each capable of a force of 100 000 
ker. (220 460 lb.), with an efficiency of 
400 kgrm. (2 890 ft./Ib.). 

Experience has shewn the necessity 
of preventing the localisation of destruc- 
tive stresses by rubber shock-absorbers 
mounted on the periphery of the holes 
provided in the headstocks for the buffer 
plungers, and we think it of interest to 
point out the strengthening, by a weld- 
ed tube, adopted at this point of lower 
resistance (fig. 9). 

It will be noticed from figure 7 that 
there is also a close assembly between 
the buffing caissons and drawgear cais- 
sons. 
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The buffers and the supporting blocks 
(dead buffers) have been lightened, as 
also have the buffer springs (helical 
spring replacing the usual heavy lamin- 
ated spring). 


' 


SSS ye 


Fig. 9. — Buffer 
strengthening member. 


The drawbar hook of the standard 
type now used on our rolling stock has 
been retained. Draw-springs in arm- 
oured rubber are fitted, capable of an 
effort of 100 000 ker. (220 460 Ib.) when 
fully compressed, with an efficiency of 
1200 kgrm. (8 680 ft./lb.). 


Il. — Bogies (fig. 10). 


Improvements in the construction and 
suspension of the Est Railway Com- 
pany’s bogies have been described in 
our article in the January, 1930, number 
of the Revue Générale des Chemins de 
Fer. 

The particular arrangement for brac- 
ing these bogies, known as centre-ring 
bogies had allowed the retention, up to 
the present, of the polybloc type of con- 
struction, which is easier to tender out, 
and also more economical than the 
monobloc type, to which we have, how- 
ever, returned in the present vehicles for 
weight saving reasons. 

The recognised rigidity of the frame 
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has brought out the possibility of « stan- 
dardising », in a very exact way, all 
running and suspension gear moving 
relatively to one another, and this has 
resulted in further appreciable progress 
in the reduction of play, parasitic mo- 
vements, wear and tear, as well as in 
improved running and comfort. The 
suspension gear has, in fact, shewn itself 
as one of the best actually in use. 

Under these circumstances it would 
have been undesirable to modify this 
type of bogie if, on the one hand it had 
not been so important, in order to ligh- 
ten the vehicles as a whole, to strictly 
reduce the weight of all parts without 
exception, and also, on the other hand, 
if the reduction in the suspended weight 
itself had not justified an investigation 
into the additional means of damping 
out vibrations. 


Weight reduction. 


1. Unsprung weight. — Our principal 
efforts were directed towards the re- 
duction of the unsprung weight, i.e. 
axles, axleboxes, wheels and equalisers. 


(a) Axles. — In order not to sacrifice 
the advantages of the standard axle, they 
have been merely lightened by hollow- 
ing out a channel 70 mm. (2 3/4 in.) 
in diameter around its neutral fibre, this 
channel being closed at the ends by 
plugs with turning-centre holes (fig. 11). 
The weight saved is 275 ker. (606 Ib.) 
per vehicle. 


(b) Axleboxes. —- The retention of a 
standard axle has also permitted that of 
standard interior axlebox fittings. The 
Est « M » type axlebox, derived from the 
standard U 2 A type, by a simple adap- 
tation of the fitting of the equalisers, has 
been retained. It has, however, been 
lightened by reducing the thickness of 
the walls (96 kgr. = 212 lb. of weight 
saved per vehicle). 

Roller-bearing axleboxes have been 
rejected on account of the weight in- 
crease of 480 kgr. (1 058 Ib.) per vehicle 
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Half longitudinal section. 


Coupe tuivantiabed 


Fig. 10, 


which they involve, without sufficient 
economical advantages for suburban 
services. 


(c) Wheels. — We considered the pos- 
sibility of designing a monobloc wheel 


— Diagram of lightened monobloe hogie. 


of special steel, which would have given 
a weight saving of 1 400 ker. (3 086 Ib.) 
per coach, but this had to be given up, 
as the maintenance costs would have 
been very high. 

Consequently only the body of the 
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Fig. 11. — Hollow axle. 


wheel has been lightened, the standar- 
dised shrunk-on 75-mm. (2 15/16 in.) 
tyre being retained. 

The wheel body is of the radial cor- 
rugated type, in cast steel, giving a 
weight saving of 320 kgr. (705 Ib.) per 
coach. 

(d) Equalisers. — These were subject- 
ed to a very close investigation which 
has shown the impossibility of using 
economically plates or forgings of high- 
tensile steels [elastic limit up to 90 or 
100 kgr. (57 to 63.5 Engl. tons/sq. in.) |. 
The price of these steels is still prohi- 
bitive and the possible weight saving, 
strictly limited by the flexure of these 
parts, is too small to justify their use in 
this particular case. 

We then realised that interesting re- 
sults could be obtained by taking ad- 
vantage of the ease with which a mono- 
bloc and caisson form could be given to 
ES cast steel of 50-kgr. (31.7 Engl. tons/ 
sq. in.) tensile strength. We haye thus 
been able to combine in one single piece 
the two equalisers usually assembled 
with intermediate pieces. 

The elastic limit of this part is five 
to six times higher than the normal load 
of 10500 kgr. (23450 Ib.) distributed 
over the two helical spring sockets. A 
specimen tested was not broken under 
a load of 105 t. (103.3 Engl. tons) which 
was the power limit of the testing ma- 
chine. The safety factor is therefore 
very high, though the lightening obtained 
is 315 kgr. (694 lb.) per coach. 

Finally, the bolster beam has been 
lightened by the use of ES cast steel 
and by the application of the tubular 
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form of construction to its casting. The 
weight saving is 90 kgr. (198.4 lb.) per 
coach. 


2. Spring-borne weight. — Of the total 
weight of a present-day bogie (6 340 kgr. 
— 13480 lb.) the frame represents only 
1210 kgr. (2667 Ib.): It” appeared, 
however, interesting to profit by the 
latest improvements in foundry practice 
further to lighten this part. By reducing 
the thickness to the possible minimum of 
MOD scr, (yi tay oy 3/2) aim.) Losy 
simplifying and reducing as much as 
possible the size of sections by return- 
ing to the monobloc idea, and by using 
ES cast steel of 50-kgr./mm? (31.7 Engl. 
tons/sq. in.) tensile, it has been possible 
to reduce the weight of the bogie frame 
to 935 ker. (2061 Ib.) (representing a 
saving of 500 kgr. = 1100 Ib. per coach), 
even though its length was considerably 
increased to allow it to accommodate, if 
need be, a 3-kw. dynamo. 


No better result would have been ob- 
tained by using a pressed and welded 
monobloe frame, made of special sheet 
steel, and this was likely to be more 
expensive. 

Various other weight savings have 
been obtained, notably in the brake gear, 
by a judicious use of ES cast steel, which 
is so suitable for manufacturing ra- 
tional sections and parts as regards 
strength, such as blocks holders, brake 
triangles and brake levers — saving 
212 ker. (467 lb.) per vehicle. 

Careful comparisons showed us, more- 
over, that nothing would have been gain- 
ed by grouping on the bogie the brake 
application equipment: cylinders, re- 
servoir, triple valve and automatic ad- 
justers. We would, on the contrary, 
have introduced some undesirable com- 
plications, doubled the number of parts 
required, and also made the use of hose 
pipes a necessity. 

We also rejected the use of costly 
light-metal cylinders, which would have 
required cast iron sleeves, and steel or 
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vast 
solid. 

Altogether, the weight of the new bo- 
gie will be 5 340 ker. (11770 Ilb.), or 
910 kgr. (2 006 Ib.) less than the present 
bogie. Bearing in mind that the frame 
of the new bogie is equipped to carry 
the lighting dynamo, it appears that the 
weight saving, increased by the fact 
that the means for suspending the dy- 
namo under the body are dispensed with, 
is 1935 kgr. (4 265 lb.) per coach. 

It should be noted that the general 
strength of the bogie and its standard 
axles is sufficient to allow it to carry 
main-lines carriages of the current type, 
not lightened, and weighing on _ the 
average 47 t. (46.25 Engl. tons) [which 
may be as much as 49 t. (48.2 Enel. 
tons) when electrically heated]. 


iron connections screwed into the 


improvements tn the suspension gear; 
prevention of noise and vibrations. 


The general arrangement of the bogie 
helical suspension springs and elliptic 
body bearing springs on our present 
stock, which has proved quite satisfac- 
tory, has been retained by simply 
adapting the flexibility of the springs 
to the new weight of the lightened ve- 
hicles. 

Various improvements have, however, 
been made in the assembly : 

— The position of the helical springs 
on the equalisers and on the bogie frame 
has been brought nearer to the axles, in 
order to increase longitudinal stability, 
particularly when braking. 

— The centre pin has been relieved 
of 30 % of its load (when the coach is 
half-loaded), by the permanent incorpo- 
ration of flexible transoms controlled by 
helical springs housed on the two ends 
of the bolster beam, each absorbing 15 % 
of this load. 

It is hoped that this will improve the 
working of the spherical centre pivot, 
the inherent rotation difficulties of 
which, due to irregularities as regards 
sphericity, and expulsion of the lubri- 
cant, are well-known. 
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This arrangement is also a simple and 
effective means of damping out the craw- 
ling motion of the bogies, and should 
thus decrease lateral perturbation in 
running, and increase the comfort. 

— Rubber pads, strengthened inside 
by means of steel plate, have been placed 
in two successive stages on the bogie 
centre pin, and under the helical sus- 
pension springs. 

Simple rubber leaves have been in- 
troduced into the assembly of the tran- 


soms, lateral guides and bolster beam 
stops. 
These arrangements will have the 


effect of absorbing short-period vibra- 
fions, and noises transmitted from the 
track to the body by the vertical and 
horizontal components of the periodic 
forces resulting from the shock of the 
unsprung masses particularly when pas- 
sing over rail joints. 

It should be noticed that we always 
use thin layers of rubber, with a deflec- 
tion under load limited to 1.5 to 2 mm. 
(0.059 to 0.078 inch), in order to avoid 
the drawback of setting up appreciable 
amplitudes in case of specific resonance 
of this rubber at certain speeds; thanks 
to the special composition of the mate- 
rial, they are damped out. 

The low unit pressure allowed, less 
than, or at the most equal to, 12 kgr./em? 
(UW. 7F Mo, TWEE SGe Mi), Is aHOReOee Wave 
best guarantee of long life for the sus- 
pension pads. 


Mounting of the lighting dynamo 
on the bogie. 


Whilst the present 1 500-watt dynamo, 
sufficient for suburban vehicles, has been 
retained, the bogie has been designed 
to take a 3-kw. dynamo which can be 
used on main-line coaches. 

In either cases, the suspension will 
be « Oscillit » damping rings, and the 
driving by trapezoidal belts, four-ply 
in the first case and six-ply in the se- 
cond. The tension in these belts is con- 
trolled by a new type of tightener arti- 
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culated on the end member of the bogie 
frame and which protects it from the 
undesirable torsional forces experienced 
with the ordinary arrangements used up 
to the present. 


Ill. — Interior fitting out of the body. 
Light metals (fig. 12). 
Floor. — Even when our first metal 


rolling stock was built we considered 
that the tubular girder with frame plates 
would permit the retention of all the 
advantages of the wooden floor formerly 


used — with intermediate air layer, and 
« molleton » (soft cotton fabric) — and 


whilst being most economical to make 
and maintain would provide a far better 
heat and sound insulation than that of 
a floor of corrugated sheet iron 
magnesium cement, 


and 


— Cross section of a first/second-class compartment. 


In the new lightened carriages we 
have further simplified this floor, re- 
ducing its thickness and weight (12.2 
kers/em? — 1°73 Ib. per sqaitancludins 
all supports) by making it of seven-ply 
wood panels 15 mm. (5/8 in.) thick, 
placed on pressed metal joists, welded 
to the frame strengthening plates. 


Lining out of the side walls, partitions 
and roof. — Sliding doors. — Fittings. 

The incomparable neatness and ease 
of maintenance offered by glazed plate 
led us to use this type of material for 
the walls, seat backs and partitions in 
the original suburban vehicles (these 
plates extended from the floor to a 
raised waist rail). 

However, the furnace treatment of this 
lining did not permit of the use of thin, 
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light sheets, and the method has been 
abandoned in the new vehicles, in favour 
of 14/10 mm. (9/16 in.-3/8 in.) Alma- 
silium alloy sheets. 

Furthermore, the advantages of drawn 
or rolled aluminium or aluminium-alloy 
sections, as regards life and ease of 
painting without ground coat on a 
smooth surface, have naturally led us 
to generally employ these light metals 
for the lining of all body parts above the 

yaist rail, and for all mouldings and 
window frames. Consequently all sheets, 
plywood and wooden mouldings have 
been completely eliminated. 

Wood has been retained only for bat- 
tens, which have been reduced in vo- 
lume and weight, for fixing the trim- 
mings by means of wood screws. We 
consider, in fact, that apart from a few 
exceptional cases, the easy construction 
and maintenance provided by this me- 
thod of fixing, which avoids the mul- 
tiple drawbacks of trimming by means 
of small metal screws, needs no confir- 
mation. 

The use of aluminium alloys, in the 
form of duralumin, has been further ex- 
tended to small secondary partitions and 
window balances. 

An important application of special 
aluminium alloy with 5.5 to 7 % ma- 
gnesium content (Duralinox) was made 
in the fabrication of sliding doors, both 
interior and exterior. 

Finally, the components generally 
designated as « fittings » i.e. hand rails, 
door handles, luggage racks, locksmith’s 
work, lighting appliances, have been 
entirely re-designed in light metals, as 
also have the third-class seat frames. 

On principle, bronze aluminium has 
been used for the castings to be painted, 
and the anti-corrosive magnesium-base 
alloys, suitable for polishing, used for 
the fittings, contribute to the decoration. 


Seats. — Wood-lath seats, specially 
designed for comfort, having given 
marked maintenance savings in our 


3rd-class suburban stock, they have been 
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retained, but all their components have 
been lightened — the woodwork by re- 
duction in volume, and the metal sup- 
ports by the substitution of Alpax for 
the steel pressings. 

The weight of the seats is 8 to 9 kgr. 
per passenger according to the number 
of places. 

In the first/second class an appre- 
ciable increase in comfort has been 
achieved by the use of seats for four 
passengers, symmetrically placed in re- 
lation to the central aisle (instead of 
seats with six places in one case and 
four places in the other, see diagram, 
figure 3). 


Fig. 138. — First and second-class seat frames 
made of welded steel tubes, 
The new seats have an interesting 


welded chromium-steel frame (fig. 13), 
weighing only 15 ker. (33 lb.) for four 
places. The individual seats and backs 
are upholstered in velvet over steel wire 
springs and finished off with leather 
trimmings. 

The weight of the whole is about 
Do kore (ls 0nibs)pron4e7 ker (32) 0/2 ell.) 
per place. 


Windows. — We must also mention 
amongst the weight saving measures 
adopted, the reduction in_ thickness, 


eee 7 WO O ime, (OS mim, wey IAS ins))- 
of the large safety glass window lights, 
made possible by the recent progress in 
the manufacture of safety glass. 

The total weight reduction achieved 
by the various arrangements in connec- 


2098 | 


tion with the interior fittings and trim- 
mings used, compared with former me- 
thods, is about 3 100 kgr. (6 83% lb.) per 
vehicle. 


IV. — Various arrangements and de- 
vices: Brake. — Heating. — Special 
features of sliding doors. —- Remote 
control of the outside doors. — Pneu- 
matic passenger communication. 

The Westinghouse brake is of the 


current type now used on the French 
Railways, without any special devices. 
The brake vans have, in addition, a hand 
brake which can be utilised in normal 
working, whilst lavatory vehicles have 
also a hand brake for use in special 
working. 

The heating system, of the Westing- 
house lightened type (bronze aluminium 
radiators), has given a weight reduction 
of 1060 kgr. (2218 lb.), as compared 
with the former Westinghouse system 
with cast steel thermostatic heating 
elements. 

The interior and _ exterior sliding 
doors, (as well as the end communica- 
tion doors for the staff) are made of 
magnesium-base aluminium alloy (Dur- 
alinox), of a patent manufacture with 
special lap-jointing without rivetting or 
welding. In this way their leaves can 


be perfectly even — an essential condi- 
tion of good fitting, adjustment and slid- 
ing. 


They have also some other very in- 
teresting features adjustment of the 
position in the vertical plane and adjust- 


ment of the vertical equilibrium by 
eccentric cams, remote control of the 
locks, avoiding the dangerous projec- 


tion of bolts or catches, and allowing 
of the provision of a door handle acces- 
sible to passengers standing on the plat- 
form without their being obliged first 
to get unto the footboard, and rubber 
shock absorbers which also form a tight 
fitting, easily fixed and removed. 

— The Est system of remote control 
of the closing of exterior sliding doors, 
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operated after the style of a direct brake 
by the simple emission of air from a 
valve worked by the guard in the brake 
compartment at the front or rear of the 
train, has given complete satisfaction on 
existing suburban coaches. It has al- 
lowed us to dispense with the use of 
electro-valve relay systems, and has the- 
refore been retained for the new stock, 
at the same time being improved by a 
recuperative pneumatic device, which 
frees the doors from the operating piston 
after closing as soon as the driver re- 
lieves the pressure in the main brake 
pipe. 

This device is combined with an auto- 
matic quick-discharge valve which en- 
sures the direct exhaust of each piston 
cylinder to the atmosphere and thus 


|e) 
= } ie) 
(Z\ Peaale de napoe! 
Fig. 14. — New passenger 
communication operating gear. 
Note: Poignce Wappel = cmergency brake handle, — 


ai = whistle. — Pédale de rappel = resetting 
eaal, 
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avoids the delay in opening the doors 
which results from a remote bulk dis- 
charge from the main pipe and the dri- 
ver’s valve. 

— The coaches will be equipped with 
an entirely new pneumatic passenger 
communication device (fig. 14), the 
principal feature of which is the use, 
as a means of transmission from the 
emergency brake handle to the clap 
valve of the alarm whistle, of a torsion 
tube in place of a draw-wire. This de- 
vice obviates all the working and main- 
tenance difficulties resulting from ex- 
cessive friction of the draw-wire in the 
guides, a trouble which we had not pre- 
viously been able to eliminate from our 
stock. 


V. — Increased comfort. 
Sound insulation. 


comfort has 
introduction of 
the subject of 


Increased 
since the 
coaches, 
search. 


been, ever 
the metal 
renewed _ re- 


A particularly interesting improvement 
has been made for the first time on our 
lightened suburban vehicles by the ge- 
neral sound-insulation of the framework 
and linings, including the flooring, by 
resorting to a process called « Flock- 
age », which has already been employed 
on warships and certain recently built 
liners. This process consists of spraying 
on an adhesive agent and pulverised tex- 
tile matter. 

It will be seen hereafter that this heat 
and sound insulating material also solves 
the corrosion problem. It is, moreover, 
water and fireproof. 

This lining has enabled us to dispense 
with the « molleton » lining which, in 
our previous vehicles, had already con- 
tributed a great deal towards deadening 
vibrations and noise. Its weight is 
500 to 600 gr. per m? (1.64 to 1.97 oz. per 
sq. ft.) when two coats are applied, i.e. 
less than 400 kgr. (880 Ib.) per vehicle. 

Amongst the steps taken to increase 
comfort, the following must be men- 
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tioned : — extensive use of rubber in 
the suspension, mentioned above (see 


bogies); decreased inertia and general 
improvement in the working of the light- 


metal sliding doors; widening of the 
body, a width of 470 mm. (18 1/2 in.) 


instead of 460 mm. (18 1/4 in.) per pas- 
senger being provided in 3rd-class com- 
partments; leather seats for two or three 
passengers in the second class replaced 
by individual seats upholstered in velvet 
and grouped in pairs, giving 545 mm. 
(21 1/2 in.) width per place instead of 
460 mm. (18 1/4 in.). 


VI. — Steps taken to prevent corrosion. 


Several years’ experience with nearly 
500 vehicles in service, main-line as well 
as suburban, has shown the excellent 
preservation of plates shaped and assem- 
bled with a view to the immediate dis- 
charge of condensed moisture — drain 
channels at the bottom of the coach 
walls, ventilating pipes for the frame 


strengthening plates, forming spark 
traps. 
The condition of the linings when 


coaches are stripped for general repairs 
has shown us that graphite paint has 
perfectly protected all the framework 


plates, which have remained intact. 
Consequently these general arrange- 
Pe co) D 


ments have not been altered on the new 
coaches and we have, in particular, been 
able to retain the very simple method of 
fixing frameless lights, without waist- 
joint, balanced by the « Hera » device. 
This device offers incomparable advan- 
tages, as regards simplicity of construc- 
tion and maintenance. 

Moreover, as the heat and sound in- 
sulating medium, called « Flockage » and 
described above, has remarkable anti- 
corrosive properties, which have been 
fully verified in our laboratories on spe- 
cimen plates subjected for 500 hours to 
a brine-vapour test, we have discon- 
tinued the double coat of graphite paint 
and provided, by the new process a 
much more efficient coating of all frame- 
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work assemblies, into the interstices of 
which destructive dampness might other- 
wise penetrate by capillarity. 


Conclusion. 


The whole of the arrangements des- 
cribed above, besides a definite increase 
in comfort, will give a weight saving es- 
timated at 9.5 t. (9.3 Engl. tons) or 23 % 
(32 tonnes instead of 41.7 tonnes for a 
third-class coach). 

The additional cost involved is lower 
than was anticipated. It will not in fact 
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exceed 45000 francs per unit, the com- 
parison of the costs of the new coaches 
with those of the previous order (1932) 
taking into account the general decrease 
in rolling stock prices which occurred 
since that date. : 

It can be said, broadly speaking, that 
two thirds of this sum are due to the 
weight saving measures and one third to 
the increased comfort (2). 


(1) These figures are based on March 1936 
contract prices. 
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CHAPTER LIX. 


Speeds. 


LIX-1. — Progression of speed. — 
Generally speaking, speed has everywhere 
increased continuously and this is likely 
to continue if railways are to fight air 
and road transport competition. A very 
striking idea of recent progress can be 
gathered when comparing Table 28 (*) 
which gave the highest average speeds of 
non-stop runs in 1933 with Table 347 
hereafter which gives the same informa- 
tion, brought down to-date. The increase 
in four years has been some 10 %. 


(1) Cf. Bulletin of the Railway Congress, October and November 1933; January, May 


June and July 1934; February, March, April, May, July and October 1935; 


June, July and August 1936; February, 


March, May 
August and October 1937. 


(2) See Bulletin of the Railway Congress, October 1933, p. 919/35. 
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Cucgenda’ ++" CE Pout Row 


Fig. 428. — Cartogram of the French Railways, showing the maximum average speeds. 


To be read as figure 429. 
Note. — Rapides running at over 100 km. (62 miles) an hour also run on the Laigle- 
Alengon, Le Mans-Sablé and Angers-Nantes sections. 
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Figures 428 and 429 compared with 
figures 32 and 138 (*) giving cartograms 
of the maximum average speeds in Fran- 
ce and Beigium also show the progress 
Generally speaking each line has 
: the maximum average 


made. 
gone one step up 
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speeds of 70 to 80 km. (43.5 to 50 miles) 
an hour have risen to between 80 and 90 
km. (50 and 56 miles); those of 80 to 
90, are now over 90, and so on. Relati- 
vely few lines have maximum average 
speeds between 95 and 100 km. (59 and 


et 


CENT. 


Hol "> 


eee ee sne paar” 


Meeryrett 


Gris 


2 Goi ents 


\ 

\ 

j, coma 
ey Peis de 0 Km /A 
sane 100 & 1099 
mms 95 4 99.9 : e é 
— 90 a 94.9 Soooctiaa na yee i 
mm 80 4 89.9 % : 
wee 704 79.9 ie 
Sa CO CMO See ie ini 
Sem ous de: CO meee Sen aa ee (Girl leae O 

Fig, 429. — Cartogram of the Belgian railway system showing the maximum average speeds, 
Note. — Plus de 110 km./h. = over 110 km. (68.4 miles) an hour. — Moins de... = under. 


62 miles) an hour, for when a line is 
suitable for speeds exceeding 90 km. (56 
miles) an hour, it can usually accommo- 
date much higher speeds than these. 


mum authorised speed to be raised above 
the 120 km. (75 miles) an hour which 
has ruled in France and _ Belgium 
since 1853. 

On lines equipped with automatic si- 


Such running has caused the maxi- 
(14) Bulletin of the Railway Congress, May 
207/347 respectively. 


1934 and February 1935, pp. 408/153 and 
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gnalling, the French Nord’s metal stock 
trains are allowed to run at 130 km. (80.8 
miles) an hour, and shortly, at 140 km. 
(87 miles); this applies in particular to 


the Paris-Creil-Tergnier and Arras lines’ 


(October 1936). A speed of 130 km. 
(80.8 miles) an hour is allowed on cer- 
tain of the Etat lines, 125 (77.7 miles), 
on the Est and 130 (80.8 miles) on the 
Paris Orleans-Midi’s electrified line. 

In Belgium, a maximum speed of 140 
km. (87 miles) an hour is allowed 
between Ghent and Bruges and between 
Brussels and Mons [save through the 
Braine-le-Comte station, where the speed 
is restricted to 120 km. (75 miles) an 
hour, and near Mons, where 40 km. (25 
miles) only is allowed]. Railears can 
run at these or higher speeds without in 
any way affecting their safety. 

In the U.S.A., for instance, during 
1935 not a single passenger was killed on 
the railway. In England where the traf- 
fic is five times as heavy (double that of 
France and Germany) out of 4 179 462 000 
passengers carried during 1936, only 
three were killed, ice. 1 out of 393 000 000, 
whereas road traffic kills nearly 20 a 
day, and 24.000 every year in the United 
States. 


LIX-2. — Geographical distribution of 
high speeds. — In previous chapters, we 
have reviewed the physical, economic and 
political conditions which have affected 
the location of railways, and later, their 
operation, and for each of them, we drew 
up a table showing the highest average 
speeds and the longest non-stop runs. 

Thes fastest runs are no longer con- 
centrated in Western Europe only; they 
extend to part of Central Europe and are 
to be found in England, France, Belgium, 
Germany, Denmark and Italy, but the 
progress differs materially from one 
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country to another. After taking the 
lead some years ago, Great Britain has 
done little except in a few cases to furth- 
er increase high speeds. France has ex- 
tended them practically to all its « ra- 
pides ». A very marked increase charac- 
terises German and American runs which 
are now in the vanguard, whereas an 
agreement between the formerly compe- 
titive Canadian Companies (Canadian 
Pacific and Canadian National Rys.) had 
led to speed reduction. 

All Belgian « block » (set) trains have 
been speeded up and all the Danish lines 
linking up Copenhagen with Jutland now 
have faster services. In Italy, electric 
traction has progressed most, whereas 
the speed of railcars and steam trains 
has been reduced. 

Table 339 gives total mileages having 
over 100-km. (62 miles) an hour average 
speeds and shows the proportion lying 
to the credit of each European country. 


Only France and Germany have large 
mileages, France heading the list, but 
Germany is the only European country 
having trains booked at over 120 km. 
(75 miles) and even 130 km. (80.8 miles) 
average speed. It is surprising that after 
having led so many years, England 
should have been left so far behind. 

Denmark and Belgium’s mileages are 
fair in view of their small size. Italy 
is the last comer in the list and whilst 
its former 263 km. (163.4 miles) railcar 
run at 100 km. (62 miles) an hour ean 
no longer be included in the table (+), 
she retains her place owing to the in- 
clusion of her first « electrotrain ». 

Im all our articles, we have always con- 
sidered mileages of lines run over at va- 
rious given speeds. This implicitely 


(1) Between Milan and Venice Santa Lucia 
until the 2lst May 1937. 
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TABLE 339. 


MILEAGE OF EUROPEAN LINES WHOSE TRAINS AVERAGE 
OVER 100 KM. (62 MILES) AN HOUR. 
a 
F 100 to 109.9 km. 110 to 119.9 km.1420 to 129.9 km./430 to 139.9 km. 
(62 to 68.4 miles) |(68,5 to 74.4 miles)|(75 to 80.9 miles)|(81 to 86.4 miles) Total. 


¥ 
COUNTRIES. per hour. per hour, per hour. per hour. 


Km. Miles. | Km. Miles. | Km. | Miles. | Km. | Miles. Kin. | Miles. 
Brance. "5; . .(4-S09 (14244. 14-679 [4 043.3 | ... ire a ae 3 488 lp 167.4 
Germany. . . .[1 458 | 906.0 | 176 | 109.4] 698 | 483.7 | 596 | 370.3 || 2 9281/4 819.4 
Great Britain . .| 312 | 193.9 | 513 | 318.8 | 825 | 542.7 
Denmark 2 Fe 28 i 44! 69.0 A SA SNS Orel re alla or abt .853 | 249.4 
eye eae ee ero let GOsoeal Sade 1305 | hee wate. he 307 190.8 
Belgium . . . “1° 438(| .85.7()| ... ~~ = a ¥: tSsa) We5e7 
Torsu.|3 925 |2439.0 |2 820 |4 752.4 | 698 | 433.7 | 596 | 370.3 || 8 039 |4 925.4 
PERCENTAGES 
OF TOTAL. 48.8 34.9 eo ah 1.6 100 


takes the technical progress made by the pleasure to see that Mr. Cecil J. ALLEN 
mechanical and engineering departments shares it in an interesting article recently 
into account. Thus, whether a single published in The Railway Gazette (?). 
or ten trains run non stop from Paris He quotes, amongst others, not only the 
to St. Quentin [153 or 1530 km. (95.1 or total fast train-miles (over 60 miles or 
951 miles)], technics are not affected; 96 km. an hour), but also the ratio of 
the difference only concerns traffic this train-mileage to the total mileage, 
density. But were these ten trains to just as we have done in our previous ar- 
serve ten different lines at this same ticles in this series. 
speed, this would supply us with valua- Mim eta bled eee reeased the ite 
ble information applying to a ten Gmes Sea imet pies tomes Oond May 1937 
larger portion of the railway system. \ hon quoting the speeds. 
Now in England papers usually only 
deal with the number of train-miles co- LIX-3. — Apportionment between 
vered at various speeds without any refe- methods of traction. — The economic and 
rence to the proportion of the railways physical conditions in each country dif- 
compared with the total system which fer a great deal, so that each of them, 
would enable useful inter-railway com- according to its own requirements and 
parisons to be made. resources, has had recourse to the various 
As we have upheld this opinion for methods of traction available. Conse- 
many years, it gives us all the more quently it is necessary to consider the 


(1) This does not include the 203 km. (126.1 miles) from the French frontier to Brussels 
and Liége, where trains average from Paris over 100 km. (62 miles) an hour, and less 
than this in Belgium. 

(2) Railway Gazette, 30th April, 1937. 
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Fig. 430. — Cartogram of European railways having runs whose average speed 


exceeds 100 km. (62 miles) 


an hour. 


Heavy lines represent speeds of 100 to 109.9 km. (62 to 
Single-crossed lines, speeds of 110 to 119.9 km, (68.5 to 
Double-crossed lines, speeds of 120 to 129.9 km. (75.0 to 
‘'riple-crossed lines, speeds of 130 to 139.9 km. (81.0 to 


68.4 miles) p. 
74.4 miles) p. 
80.9 miles) p. 
86.4 miles) p. 


use made of each method separately, 
both as regards fast runs and long non- 
stop runs, before dealing with the com- 
bined use of various methods, which is 
the practice on certain railways. 


(a) Railcar services. — Because of — 


their widespread use, it is often lost sight 
of that railcars are of quite recent intro- 
duction; when we began to write these 
articles, they were merely experimental 
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Fig. 431. — Map of fast French « rapides » railear services (heavy lines). 
In addition a few « express » railear services are also shown (thin lines). 


vehicles that were being tried out. To-day, 
not only are they definitely established, 
but it is even possible to select the servi- 
ces for which they are most suitable, leay- 
ing the others to be worked by electric or 
steam traction. Indeed, the diesel vehi- 
cle is particularly suited for short fast 
runs, for which its great power of acce- 
leration is particularly valuable, and for 
long non-stop runs. To work such ser- 


vices, in Germany, Belgium, Denmark, 
Holland and Spain, double, triple or qua- 
druple sets are used, all of which are 
articulated except on the French Nord. 

Single fast railear services are run in 
England, Poland, Czechoslovakia, Austria 
and Hungary, while both kinds exist in 
France and Italy. 

Table 340 shows the fastest and longest 
non-stop runs of each European Railway. 
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In countries where several Companies 
operate these are grouped, the leading 
Railway heading the list and the others 
following in proper order. This is clearer 
than showing all railways according to 
their place in whatever country they hap- 
pen to be in. This applies to the several 
British and French Railway Companies. 

As will be seen, Germany heads the list 
both for the fastest run and for the lon- 
gest non-stop run. 

As regards speed, Germany, France, 
England, Denmark, and Belgium all have 
railcar services run at over 100 km. (62 
miles) an hour, and four other countries 
— Italy, Czechoslovakia, Poland and 
Hungary — at 90 to 100 km. (56 to 62 
miles). 

Non-stop runs over 200 km. (125 mi- 
les) long, occur in five countries — Ger- 
many, Hungary-Austria, Italy, Czechoslo- 
vakia and France —; Denmark comes just 
below with a 198-km. (128 miles) non- 
stop run. 

Several other railcar services have in- 
teresting features which we shall run 
over, taking them in the order we have 
previously followed. 


4, — Great Britain. — No new ser- 
vices. 
9, — France. — The six main-line 


companies have services radiating from 
Paris, and most of them inter-provincial 
services as well (fig. 431). 


(a) Services radiating from Paris 


Norp. — To Lille and Tourcoing (3 
trips each way). 

To Brussels and also to Liége (from the 

22nd May 1937 at the same speed as the 


daily 


existing « rapides >», but with additional 
intermediate stops). 

Est. — To Meéziéres-Charleville and Sedan 
(since 1936). 


To Naney, extended since this summer 
to Strasboure. 
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P.L.M. — To Lyons (twice daily). 
To Vichy and Clermont-Ferrand (the old- 
est of these services). 
SEAT LO 
times a day). 
To Havre 
To Dieppe. 


Trouville-Deauville (several 


(several times a day). 


A detailed list of these runs and of the 
principal non-stop runs is given in tables 
341a and b. 


(b) Cross-country services : 


Norp. — Lille-Havre. 


ALSACE-LORRAINE, — Strasbourg-Basle 
Strasbourg-Belfort-Lyons. 


P.L.M. + P.O. — Vichy to Le Mans. 


P.O.-Mipt. — _ Bordeaux-Aurillae 
deaux-Clermont-Ferrand. 


and 


and Bor- 


Srarge. — Dieppe-Maritime to Nantes. 


The last one is a particularly note- 
worthy boat service as it uses, offen at 
high speed, between Dieppe and Nantes, 
a number of sections of different cross- 
country lines (+). 

‘As will be seen, all railways listed here- 
under have large mileages of railcar ser- 
vices covered at over 100 km. (62 miles) 
an hour. 


PAL AVI 766 km. (476 miles) 
STATE 721 km. (448 miles) 
Norp. 615 km. (382 miles) 
Est . Ws 8 515 km. (320 miles) 
ALSACE-LORRAINE . 233 km. (145 miles) 
P.O.-Mipr . 0 — 


(1) The exact length of each section is as 
under : 
Dieppe Town-Rouen . 60.6 km. 
Rouen-Serquigny-Laigle. 125.8 km. 
Laigle-Surdon-Alengon . 66.1 km. 


(37.6 miles) 
(78.2 miles) 
(41.1 miles) 


Alengon-Le Mans . 55.9km. (34.7 miles) 
Le Mans-Sablé. 47.9 km. (29.8 miles) 
Sablé-Angers : 48.8 km. (30.3 miles) 
Angers-Nantes P.O. . 87.5 km. (54.4 miles) 


Total. 492.6 kin.(306.1 miles) 


TABLE 34la. 


FAST RAILCAR SERVICES RADIATING FROM PARIS. 


Certain other interesting railear services are also given in @falies. 


Non-stop runs are shown in heavy 


type. 


RAILWAY. 


Norp, 


Norpd AND 
BELGIUM, 


Norp AND 
BELGIUM, 


Hist. 


Est AND 
ALSACE. 


PelieM: 


STATE. 


istance. am 
Dista Time 
—__-~__—— 


| Miles of departure. 


Paris N.-Amiens-Lille 258 |160.3 44.50 a.m 
Paris-Amiens . 131 84.4 Do. 
Paris-Longueau . > a {paleo | Ge 10.25 a.m 
Amiens-Arras. . . . .{ 68 | 42.3 1.06 p.m 
Mermss Doin “6 5 5 o || 2 |) aoe 1.44 p.m 
Xow, 5 foe 5 so |) BEE |i Biloal 2.01 p.m 

Paris N.-Brussels Midi . 344 (193.3 8.45 p. m 
Paris N.-St. Quentin . 153(')) 95.0(1) Do. 
St. Quentin-Aulnoye . . | 62 | 385 9.36 p. m 
Aulmoye-Mons. . . . .j 34 | 24.4 10.12 p. m 
Mons-Brussels Midi . . 61 37.9 10.36 p. m 

Paris N.-Liége Guillemins . | 367 22.8 8.10 p.m 
Jeumont-Charleroi . . .] 32 | 19.9 10.27 p m 
Charleroi-Namur . . . By | 233.0 10 51 p.m 
Nemanedshiny 5 ¢ a « a4) @i0) || ale) 11.18 p.m 

Paris Est-Longueville. . . 89 55.3 9.06 a.m 

Paris Hst-Sedan . . . . | 264 16.2 5.06 p.m 
Paris Est-Reims. 156 96.9 Do. 

Paris Hst-Strasbourg. . . | 503 1312.6 7.50 p.m 
Paris-Bar le Due en oA SES Do. 
Bar le Duc-Naney . . .]| 99 | 64.5 10.06 p. m 
Naney-Strasbourg 150(?)| 93.3(@)|R 6.00a.m 

Paris P.L.M.-Lyons 512 34.8 8 00 a.m 
Paris-Laroche., 156 96.9 Do. 
Laroche-Dijon 159 98.8 Qe2diae im 
Dijon-Lyons 497 {22.4 10.54 a.m 

Paris-Clermont-Ferrand , 410 1254.8 4.00p m 
Paris-Montaregis . 418 73 3) il Do. 
Montargis-Nevers . 136 84.5 5.08 p. m 
Nevers-Moulins =.) 4. 60 oTas 6.24 p.m 

Paris-Rennes-Brest. 249 1154.7 12.20 p.m 


Paris St. Lazare-Trouville | 
(SUNTAN Bn |) 2 10p.m 
(Paris) Lisieux-Trouville  . 30 | 18.6 7.45 a.m 
Paris St. Lazare-Havre . 228 1144.7 8.05 a.m 
Paris St. Lazare-Rouen . | 440 | 86 7 2.05 p. m 
Rouen-Havre - 9; 0 . 88 lay i) 3.19 p.m 
Paris St Lazare-Dieppe Town | 169 |405.0 |R 6.56a.m 


( 


1) The exact distance is 153.1 km. (95.1 miles). 
(2) 


Including 57 km. (35.4 miles) on the Hst Ry.. from 


Teney-Avricourt to Nancy. 


_ EEE TTT j::T::T:T=t ii::/T:TIT jiT:a:Ta 


spent. Ba Kim jh. |Mjp hs train. 
2.35 Bet aor) || Gille i Rapide. 
es |107.6 66.9 Do. 
1.05 | /116.3 | 72.3 Do. 
0.37 1110.3 | 68.5 Do. 
0.16 93.8 | 58.3 Do. 
0.24 85.0 | 52.8 | Do. 
| 3.00 3 |103.7 | 64.4 Rapide. 
1.20 | 114.8 | 71.3 Do. 
0.35 106.3 | 66.1] Do. 
0.23 88.7 | 59.1 | Do. 
0.39 | 93.8 | 58.3 Do. 
| Pee | (Bele. Nat.Ry 
SEO) 0 WARS | Bac) Rapide. 
0.33 58.2 | 36.2 Nord-Belge 
0.26 | 85.4 | 58.1 |(Bele.Nat.Ry 
0.20 | 90.0 55.9 | Nord-Belge 
0.56 | 95.38 | 59.2 | Express. 
Docly \y  Bi |) Bestel |) aR. S Rapide. 
1.32 eel Olea moome Do. 
4.95 | 2 {109.8 | 68.2 Do. 
2.14 | 113.9 | 70.8 Do. 
0.56 | 106.0 | 65.9 Do. 
1.20 }112.5 | 69.9 Do. 
| 4,304) ha. 0.40 ie8ee Rapides 
1.28 | }105.0 | 65.2 Do. 
1.22 |116 4 | 72.3 Do. 
1.45 112.6 | 70.0 Do. 
4.20 6 94.6 | 58.8 | Rapide T.A 
1.07 | 105.7 | 65.7 Do. 
slater 108.8 | 67.6 Do. 
0.38 | 94.7 | 58.9 Do. 
3.03 i) OueOme lees Ol Rapide. 
2.00 110.5 | 68.7 Do. 
O25 Se | TOCOU Ray Do. 
1.58 115.9 | 72.0 Do. 
1.13 Wabus}3b |) 7A Do. 
0 46 )114.8 | 71.3 Do. 
| 1.47 | 94.7 58.9 Do. 


NOVEMBER 1937 BULLETIN OF THE INT. RaiLway ConcrEss ASSOCIATION 2111 


TABLE 3416 
FAST CROSS COUNTRY RAILCAR SERVICES. 


Non-stop runs are shown in heavy type, expresses in ilalics. 


Distance 9 f | o cap Speed 
RAILWAY. Run. —_ ~_-=——||_ Time of | Time 3 | —~— = 
? ; departure. |spent.| 3 2 |_ 
Km. Miles. 6 |Km./h.]M.p.h. 
| 
TATE + Norp. |Havre-Rouen-Lille . . -. . . | 335 208 2 6c40'p.m-. |53.40 |) 5 sie Qla4 | 56.8 Rapide. 
Norp. RouemSerqueux 27. = - 48\ | 29.8 7.36 p.m. | 0.39 ee 72.3 | 44.9 Do. 
Serqueux-Amiens. . . . .] 71 44.4 Sin] Oo} De a OL+ (al Senn eo ORO MIRO ORS Do. 
| | 
Lille-Arras-Bouloone . . .. .| 487 | 116.2 8.19 a. m. | By (0h! 5 OOmom edie Do. 
Lille-St. Pol-Boulogne. . . .] 162 100.7 R8.41 p.m. | 2.40 |4+5op.) 60.7 | 37.7 Do. 
LS.-LORRAINE. |Strasbourg-\Wissemboure. .—. 68 | 42.3 5.46p.m. | 0.50 2 SAR Ome Oks Do. 
| | | 
Strasboure-Basle . . ... . | 442 88 2 10.28 a.m. | 1.44 5 81.4 | 40.4 Do. 
Strasboure-Colmar . . . . 66 41.0 11.23a.m. | 0.37 | ... {107.0 | 66.5 Do. 
p Colman Vinilhouse. samen 42(2)| 26.4 (°)| 12.01 p.m. | 0.26 SoG) |, Bis). fa) Do. 
Mulhouse-St. Louis, . . .} 2! | 16.8 Wl eye rin |) (oatee | 9574955953 Do. 
Mulhouse-Belfort. . . . .| 49 | 30.4 |] 12.30p.m. | 0.30 | 86.0 | 53.4 Do: 
| | | 
P.L.M. Belfort-Besancon-Lyons Brot. . | 310 | 192.6 1.08 p.m. | Sila GF | SD ») £| Hapress, T.A. 
| | 
| | 
P.O.-Mipt Le Mans-Saincaize-Vichy. .  . | 478 297.0 1.32 p. m. | 5.394 39 84539) 52.4 | Exp. + Rap. 
+ PLM. | | | 
P.O.-Mip1. Bordeaux-Bergerac-Aurillac. . | 285(!) 177.4 (1) BAO ios dhs | Del | BBP | G2 |) O28 | Rapide. 
Bordeaux-Countras- | 
Clermont Ferrand. | 245(1)| 452.2 ()I] 7.20a.m. | 6.39 | 21 36.8 | Pee) DY, 188K. 
STATE. Dieppe Mar.-Nantes . . . -| 503 | 312.6 Glia wa, | Hol |) a 97.7 | 60.7 | Rapide, DON 
| «Manche-Océan», 
Dieppe Town-Rouen, . . . 612) 37.9 7) “6215 aem,. 0.34 | <.. )106.9°) 66.4 Do 
Rouen-Serquigny-Laigle . . | 126(2)} 78.3 (2)]| 6.50a.m. | 1.20) .. | 94.3 | 58.64 Do. 
Laigle-Surdon-Alengon. 66(2)| 44.0 (2)] 8.11a.m: | 0:39 | ... |101.6 | 68.3:| Do. 
Alengon-Le Mans. . . .]| 56(%)}~ 34.8 (2)/ 8.51a.m. | 0.838) ... 101.6 | 638.3 | Do. 
Le Mans-Sablé . . «| 48) 29.8 (2) 9.29a.m. | 0.28) ... [102.8 | 63.9 Do 
Sablé-Angers . . . . . «| 49(?)| 30.4 @)| 9.58a.m. | 0.30] ... | 97.6 | 60.4 Do 
Angers-Nantes P.O. . . .| 88(2)} 54.7 (2)| 10.29a.m. | 0.49] ... (107.1 | 66.5 | Do 
Bordéauxesaimueses. sailors. 9. 1 144 69.0 8.08 ps me 1.299) dopi | 14.4 | 46.2 | Rapide. 
Saintes-La Rochelle. . . . 74 | 46.0 R8.05 a.m. } 0.55 S06 80.9 50.3 | Do. 
| 
Bordeaux-Saujon (Royan),. .] 140 | 87.0 7.45a.m. | 1.58.) ... | 74.3 | 46:2 | Rapide, BMR:! 
| | | | 
(1) Exeluding the 5 km, (3.1 miles) added for rating purposes since the Bordeaux 
bridge (nearly 500 m. = 1 640° long) was opened to traffic. 
(2) Exact distances are given page 2109. 
(3) 25 km. (15.5 miles) from Colmar to Bollweiler and 17 km. (10.6 miles) from Boll- 
weiler to Mulhouse. 


’ 
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Total, 2091 km. (1774 miles) (*). 

In 1936 rapides ran over 15475 kwn. 
(9616 miles) ie. 37 % of the total 
French railway system of 41910 km. 
(26042 miles). Of this mileage : 


13) kam. had fast 
railears; 

9 335 km. (5801 miles), ie. 22 %, had elec- 
tric or steam trains; 

4988 km. (3099 miles), i.e. 
kinds of trains. 


(710 miles), ie. 3 %, 


12 %, had both 


‘The railcar services were 
tended in 1937. 


further ex- 


4. — Be.eium. — Belgium is the only 
European country whose railcars are 
booked to run to the same timings as the 
steam trains which take their place when 
traffic requires it (See « block » trains). 


6. — Irary. — Pending completion of 
the general electrification scheme, « ra- 
pidi » railcars now run, usually as single 
units, exceptionally in three-car sets, 
both on certain continental and most 
Sicilian main lines. They have been 
abandoned in southern Italy where they 
were insufficiently patronised, but are 
retained in northern and central Italy 
(fig. 432). 

As with the former Milan-Venice high- 
speed steam « rapidi » which had to be 
decelerated, the speed of the fast rail- 
car services that superseded them has 
been reduced on this non-stop run 
from 100 to 94.4 km. (62 to 58.65 miles) 
an hour and to 96.4 km. (59.9 miles) an 


(1) In addition to this mileage, 1 028 km. 
(639 miles) of line have runs at over 100 km. 


(62 miles) an hour average speed : 

The P.L.M. has 244 kin. (151.6 miles) 
The STATE . Nil. 

The Norp 133 km. (82.6 miles) 
The Est . . . . L58km. (98.1 miles) 
The ALSACE-LORRAINE . 88km. (54.7 miles) 
The P.O.-Minr . 405 km. (251.7 miles) 
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Fig. 482. — Italian « rapidi » services. 


hour on the shorter 82 km. (50.9 miles) 
Verona-Padua run. 


The new Fiat triplet sets countain 78 
seats, with a tare weight of 85 t. (83.6 
Engl. tons). 

7 and 8, — Austria and Huneary. — 
There are two railcar services between 
Vienna and Budapest (271 km. = 168.4 
miles), one of which, the « Arpad », is 
worked by the Royal Hungarian Rys., the 
other by the Austrian Federal Rys. 

The former has been slightly speeded 
up and makes the non-stop run in 2 h. 
dof m., ie. af 91.9 km. (574 miles) an 
hour. The second, which stops five times 
en route, has a peculiar feature : its 
trailer is a through Netherlands Rys. 
coach owing to which this service gives 
the fastest connection between Budapest 
and the Hook of Holland, and beyond 
that with England. : 
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TABLE, 342. 


ITALIAN « RAPIDI » RAILCAR SERVICES. 


Non-stop runs are shown in heavy type; discontinued services in italics. 


Distance. Time Time tS ey Speed 
Run. : Srey departure. | spent ae ANG aIe ae 
Km. | Miles. | E yea Ze |Km,/h,|M.p.h. 
| 
Whole journey. | 
Torino-Milan-Venice Mestre .| 420 |261.0 6.40 a. m. | 4.32 | 2 | 92.6 | 57.5 | Rapido 463. 
Bolzano-Verona-Bologna . . .] 264 |162.2 | 10.45a.m. | 3.02 3 | 86.0 | 53.4 | Rapido 465. 
Bologna-Venice-Trieste. . . .}| 317 |197.0 | 7.39p.m. | 3.44 4 86 0 | 53.4 | Rapido 456. 
Salenno-Laramto . em ee 2 4 202) dG258 6.co p.m. | 4:07" 3 63.6 | 39 5 | Rapido 103. 
Fastest runs. | | | | 
Venice 8.L.-Cervignano | | 
(Trieste). | 442 | 69.6 9.33 p.m. | 1 09 97.3 | 60.5 | Rapido 456. 
Torino-Milan (Venice) . . .| 147 | 91.3 | 6.40a.m. | 1.81 96.9 | 60.2 | Rapido 463. 
(Milan) Verona-Padova . . .| 82 | 54.0 | 7.50p.m. | 0.51 96.4 | 59.9 | Rapido 95. 
Milan Cent.-Venice Mestre . .} 258 [160.3 | 8.18a.m. | 2 44 94.4 | 58.7 | Rapido 463. 
Longest runs. | | 
Milan Cent.-Venice S.L.. . .| 267 |1659 | &.d5a.m. | 2 dO 100.0 | 62.0 | Rapido 463. 
Milan Cent.-Venice Mestre . .}| 258 |160.3 8.18a.m. | 9.44 94.4 | 58.7 | Rapido 463. 
Torino P.N.-Milan Cent. . .] 447 | 91.3 | 6.40a.m. | 1.31 | 96.9 | 60.2 | Rapido 463. 
(Bolzano) Verona-Bologna . .} 114 W028) 12231 p.m. e164) 90.0 | 55.9 Rapido 465. 
Venice S.L.-Cervignano . . .| 142 | 69.6 | 9.33 p.m. | 1.09 97.3 | 60.5 | Rapido 456. 
Rome-Terni (Ancona Mar.). .} 142 | 69.6 | 8.35 java, || al ile | 87.3 | 54.2 | Rapido 472. 


The Gyér Sopren Ebenfurth Ry. Co. 
also runs fast Ganz 86-seater railcars. 
Negociations are proceeding with a view 
to the extension of this service as far as 
Budapest. 


13. — CzEcHosLovakiA. — The « Blue 
Arrow » covers the 397 km. (246.7 miles) 
between Prague and Bratislava in 4 h. 
20 m. with a single intermediate stop at 
Brno, i.e. at an overall speed of 91.3 kn. 
(56.7 miles) an hour. The Prague-Brno 
955-km. (158.5 miles) non-stop run is 
the longest in the country. 


14, — Potanp. — Owing to the con- 


dition of the track, only the Warsaw- 
Lodz services are worked. The other 
railcar expresses are to start at some fu- 
ture time. 


16. — DENMARK. — The original Danish 
« lyntogs » (lightning services) ran in 
the morning from Copenhagen to the 
provinces and returned in the evening. 
Since 22nd May, 1937, further lyntogs 
have been put on, travelling from the pro- 
vinces to Copenhagen and back the same 
day. At the same time, certain changes 
have been made to the timetables (parti- 
cularly in the case of the English boat 
train connections). 
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All « lyntogs » follow the same line 
from Copenhagen to Jutland, whence 
they branch off in various directions, 
all crossing the straits between Korsor 
and Nyborg, by ferryboat in 1 h. 20 m. 
(fig. 433), others in 1 h. 25 m. or 1 h. 
30 m., embarkation and disembarkation, 
included. 


AAROM IID EA 
SWORD TID E fy 


4% 


Ayh | 
= ee S a 


Fig. 433. — Danish « lyntoe » expresses. 


The figures refer, in the same order, to the 
ferryboat services given in table 349. 


Danish 


Two or more of these trains can there- 
fore be worked at close intervals, on the 
same ferry. The crossing necessarily 
lowers the averages, in spite of the other 
sections being covered at high speed. 

Table 343 gives additional information 
about these interesting services : overall 


journey, fastest and longest non-stop 
runs. 
20. — Germany. — In the previous 


chapter, we mentioned the fast railear 
runs (FD¢ trains). Only very slight al- 
terations have occurred since then. 


Unitep States or America. — On the 
other side of the Atlantic, the Atchison, 
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Topeka and Santa Fe Ry.s « Super- 
Chief » makes the fastest run in the 
world. This train, which consists of 
ordinary coaches hauled by a diesel dou- 
ble locomotive, runs daily from Chicago 
to Los Angeles (1386 km. — 861 miles). 
When it stops at Dodge City, which it 
does once a week only, it is allowed 145 
minutes for the 326 km. (202 miles) 
from La Junta to Dodge City, the speed 
then working out at 134.6 km. (83.7 mi- 
les) an hour. 


Apart from this exceptional run, the 
« Denver Zephyr » of the Chicago, Bur- 
lington and Quincy Rd. holds the record. 
It takes 94 minutes only between Gales 
and Aurora (200 km. = 124.8 miles), run- 
ning at an average speed of 127.7 km. 
(79.2 miles) an hour. This is the fastest 
spurt, but the entire run of 1664 km. 
(1034 miles) from Chicago to Denver, 
which is made in 16 hours, is accom- 
plished at an overall speed of 104 km. 
(64.6 miles) an hour. 


(b) Electric traction. — There are 
more changes in England, France, Bel- 
gium and Holland where electrification 
is partial, than in countries like Italy, 
Switzerland or Austria, where it is more 
complete. Nonetheless, interesting servi- 
ces in each of these countries must be 
mentioned and are quoted hereafter, in 
the same order as previously. 


1. — EneLann, — Nothing noteworthy 
save the continual extension of the 


Southern Ry’s electric system, with heavy 
traffic and low speeds. 


2. — France. — Besides the electrific- 
ation of the Paris-Bordeaux line (588 
km. = 365.4 miles) which is being pro- 


ceeded with and is now completed as far 
as Tours (238th km. = 148th mile), the 
P.O-Midi is electrifying its Toulouse 
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434. — Location of the Brussels and 
lines and connections with ad- 


joining railways. 


line, which branches off the former at 
Orleans (123th km. = 764th miles), and 
is now electrified as far as Brive-la- 
Gaillarde (503rd km. = 343th mile). 
Although the « Sud Express » runs 
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non-stop from Paris to Saint-Pierre-des- 
Corps, Tours (107.6 km. = 66.9 miles), 
the fastest run from Poitiers to Angou- 
léme at 112.8 km. (70.1 miles) an hour, 
lies to the credit of steam locomotives. 
But when the optional stop at Les Au- 
brais (Orleans) is made, the speed as 
far as St-Pierre-des-Corps is 115.7 km. 
(71.9 miles) an hour. 


Fig. 485. — Various routes of the 
Genova-Rome « rapidi >. 


In addition, the 400 km. (248.5 miles) - 


from Paris to Limoges have been run 
non-stop since the 22nd May 1937, so 
that France now comes second in the list 
of longest non-stop runs, immediately 
after Italy. 

Since the same date the State has run 
electric two-car sets over the 241 km. 
(131.1 miles) from Paris to Le Mans. 
Although the average speed is now 93.8 
km. (58.3 miles) an hour only, it is soon 
to be raised to 105.5 km. (65.8 miles), 
the journey then being accomplished in 
the round two hours. 


te el i a aa 
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4. — Beicium. — When electrifying its 
Brussels-Antwerp line, the Belgian Natio- 
nal Railways Co. improved its location, 
thus altering its length (*) (fig. 434). 
At the same time, standardised timings 
were introduced. The runs were none 
too easy, as the speed limit is 110 km. 
(68.3 miles) an hour for the through 
trains, 1145 km. (74.5 miles) for those 
stopping at Malines, and 120 (74.6 miles) 
for all when running late. 


6, — Itaty. — When the Bologna-Flo- 
rence direttissima was electrified, a ge- 
neral reorganisation of the Rome servi- 
ces took place. On the other hand, since 
the economic sanctions, the Genova-Rome 
« rapidi » had been diverted from Pisa 
to Florence where they linked up with 
the Bologna trains, and so to Rome. This 
lengthened their run by 62 km. (38.5 
miles). On and since the 22nd May, 1937, 
they have been returned to their former 
route. Three « rapidi » run non-stop 
either way between Rome and Florence 
(317 km. = 197 miles) and three others 
from Rome to Pisa via Leghorn (406 km. 
— 952.3 miles), this being the longest 
European non-stop run made by electric 
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trains. All these runs are accomplished 
at around 100 km. (62 miles) an hour. 

Besides express trains hauled by elee- 
tric locomotives faster light motor trains 
have been introduced in Germany (2), 
Switzerland, and Italy; these consist of 
rakes of motor coaches and_ trailers 
known in Italy as « electrotrains ». The 
first of these ran from Naples to Bo- 
logna, via Rome and Florence (623 km. 
— 387.1 miles), the only two stops on 
the way. It is proposed to extend this 
type of service as and when other rakes 
are delivered. 

Table 344 groups such limited trains, 
giving the overall speed (including 
stops), and the speed for each run. We 
have added some information about the 
fastest Italian runs and the longest non- 
stop runs of trains hauled by electric 
locomotives. 


9. — SWITZERLAND. — Owing to the 
electrification of the Lucerne-Berne line 
via Langnau, the express railcars have 
been superseded by light motor coaches 
— the fastest in the country. 

On the other hand, as from the 22nd 
May, 1937, the « Riviera Express » runs 


(1) We tought it would be of interest to give the actual distances as well as those 


from Antwerp to Louvain or to Ghent, which are directly affected by 


location 
Brussels Nord to Antwerp Central 

Electric line . 

Steam line . 3, £5) Meee 
Brussels-Nord to Antwerp-East 
Brussels-Nord to Antwerp-South 
Antwerp-Louvain : 

via Wavre-Ste-Catherine. 

via Lierre. 


Antwerp Central to Ghent-St.-Pierre 


via Boom . 
via Malines . 


the changes in 


43.027 km. 27.24. males), 
45.500 km. (28.27 miles). 
44.490 km. (27.65 miles). 
50.425 km. (31.38 miles). 


48.048 km. 
56.927 km. 


(29.86 miles). 
35.37 miles). 


(nol on Kone 
$1.301 km. 


44.44 miles). 
(50.52 miles). 


(2) The fastest of them, the rail motor trains from Munich to Stuttgart, have been 
slowed down. Their overall speed, for the Ulm-Augsburg and Augsburg-Munich runs, has 
been reduced from 112.2 to 105.3 and 112.7 to 95.6 km. (69.7 to 65.4 and 70.0 to 59.4 miles) 


an hour. 
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TABLE 344. 


SPEED OF ITALIAN ELECTRIC, SWISS LIGHT AND GERMAN FDt TRAINS. 


Non-stop runs are shwon in heavy type and obsolete services in talies. = 


a: | vw. 4 
Vistance. Time of | Time] 2 2 Speed. Class of 
Run. Scr Wes oe ee ; 
Km. | Miles.| departure. | spent. a Km./b,|M.p.h. train. 
i 
Italian electrotrains. 
Naples Merg.Rome-Bologna . 623 | 387.1} 410.20 6.45 2 | 99.6 | 61.9 | Hlectrotrain 
Rapido 24. 
Naples Merg.-Rome Term. . 240 | 180.5)R 8.08p.m./ 1.50 | ... |114.5 | 71.1 |Do. Rapido 25 
Rome Term.-Florence Cent. . 346 | 196.4|R12.25p.m.| 3.10] ... 99.8 | 62.0 |Do. Rapido 24. 
Florence-Bologna. » . . - 97 | 60.3|R 8.50 p.m.|-0.55 | ... |105.8 | 65.7 |Do. Rapido 20, 
Italy-Electric locomotives. | 
FASTEST RUNS. 
Rome Term.-Leghorn. . . .| 406 | 252.3} 5.00p.m.| 4.06 | ... | 99.0 | 61.5 | Rapido 54. 
Rome Term.-Naples Cent. . .| 244 | 183.0) 7.380p.m.| 2.25 | ... | 88.5 | 55.0 Rapido 55. 
LONGEST RUNS. 
Pisa-Leghorn-Rome Term. . . AQ6 | 264.70) 11 dias sm.) 0.13 |)" ee. 81.7 | 50.8 | PR Express 
Leghorn-Rome Term... . . | 406 | 252.3/R 5.00p.m.| 4.06 | ... | 99.0 | 61.5 Rapido 54. 
Rome Term.-Florence Cent. .| 846 | 196.4) 7.45a.m.) 3.45] ... | 84.3 | 52.4 Rapido 22. 
Swiss light trains. 
Geneva-Berne-Zurich . . . .| 287 | 178.3} 6.33 a.m.| 3.25 2 84.0 | 52.2 
Geneva-Lausanmne. . .. . 60 | 37.3) 6.838 a.m.| 0.37 90.3 | 56.1 
Lausanne-Berne . . . . . Or GOO) 7 oilerew val) al juli 82.0 | 50.9 
Berne-Zurichiess ee: 2 ee) 1308 cOkd a Grcolammnalelese 83.9 | 52.1 
German FDt trains. 
Stuttgart-Munich (Berchtesga- 
den) : eta eros 240 | 149.4 ee ae aoe ee aes vee 
Stuttgart- (Gib ones Coa 92) I SD ieeiondepada.|eLe OL sod |) EDs alee IBD 128} 
Ulm-Augsburg. . . .. . Sa) bee Oackhia, wa) (4) | cos I Sh) od FDt 723. 
Augsbure- Munich . 62), 388.5) LOkee pam aOLS9 | ees 95.60 oon: FDt 720 
Munich- Prelassing Summer) 447 91.3/R 10.09 a. m.| 1.46 ich 86.4 | 53.7 FDt 722. 
Preilassing-Bad Reichenhall. 15 9.3 8.50 p.m.| 0.15 doe 88.0 | 54.7 FDt 721. 
Bad Reichenhall- peas. 
den. j ; 19 dies 9.05 p.m.| 0.38 stan 80.6 | 19.0 Do. 
non-stop from Basle to Bellinzona via Previously, on May 15th 1936, a fast 


Olten-Aarau-Rothkreuz instead of Lu-_ service of light electric trains had been 
cerne (fig. 436). The new route is shor- introduced upon the same principle as 
ter than the old, being 255 km. (158.5 the Belgian « block » trains. Two sets 
miles) instead of 273 km. (163.4 miles). of these run daily from Geneva to Zu- 
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4 
18.29 
HAUHESTE/N'\. 


On V 


Fig. 436. — Various routes followed by the 
expresses from Basle to the Saint-Gothard 
(with the actual kilometrie length of the 
different sections). 

Heavy line: Olten-Aarau-Rothkreuz route. 
Thinner line: Previous route. 
Bar line: Obsolete routes. 


rich and back with two intermediate 
stops. 

A few data concerning the fastest and 
longest non-stop runs in the UNITED 
STATES are appended here for compari- 
son purposes. 

The fastest of these trains are not to 
be found on the larger systems; they are 
run by a high-speed interurban railway, 
the Chicago-Milwaukee, which does not 
even own the whole of its right of way : 
it runs into Chicago over the « Elevated » 
and into Milwaukee over the tramway’s 
line. 

The « North Shore Ltd. » takes 42 minu- 
tes to cover the 24 km, (14.9 miles) from 
Kenosha to Waukegan, and 7 minutes 
for the 14 km. (8.7 miles) from Zion to 
Kenosha. It therefore markedly exceeds 
the 14141 km. (69 miles) an hour of the 
Pennsylvania Rd’s fastest train. 

As shown by table 345 there are but 
three European countries, Germany, 
France and Italy, where the average speed 
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exceeds 100 k. (62 miles) an hour, and 
three, Switzerland, Belgium and Holland, 
where it is over 90 km. (56 miles). Three 
others have average speeds exceeding 80 
km. (50 miles). 


(c) Steam traction. — Average speeds 
exceeding 106 km. (65.9 miles) an hour, 
are to be found in four European coun- 
tries, England, France, Belgium and Ger- 
many and over 90 km. (56 miles) an 
hour, in four others. 


{. — EneLtanp, — The « Cheltenham 
Flyer » (Great Western Ry.) was the 
first train timed at over 70 miles 
(112.65 km.) an hour. Though this only 
dates from 1932, less than 4 years have 
sufficed to the establishment of 41 fas- 
ter trains, if all kinds of traction are 
taken into account. 

Amongst the newer trains, the same 
Railway's « Bristolian » runs over the 
same line. It takes, both up (which is 
the better performance) and down, 105 
minutes to cover the 190 km. (4118.25 
miles) between London and Bristol, so 
that the average speed is 108.6 km. (67.5 
miles) an hour. The « Cornishman » 
which duplicated the « Cornish Riviera 
Ltd. » was short-lived. 

The London & North Eastern Ry., in- 
troduced the « East Anglian », this sum- 
mer, and the « Silver Jubilee », both with 
streamlined locomotives, the latter run- 
ning between London and Darlington at 
almost the same speed as the « Chelten- 
ham Flyer », the fastest train in the 
country, and just a little faster than the 
« Sud Express », the fastest. French 
steam train. 

If there is little to be said as regards 
fast runs, this does not apply to non- 
stop runs, in which England. still leads. 

The « Flying Scotsman » covers the 
631 km. (392.4 miles) non-stop from 
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Fig. 437. 


London (King’s Cross) to Edinburgh in 
7 hours instead of the former 7 1/2! h. 
Since July, 1937, a new train, the « Co- 
ronation » takes only 6 hours, maintain- 
ing over the whole run and in spite of 
stopping at York on the return and at 
Newcastle on the outward journey, an 
average speed of 105.4 km. (65.3 miles) 
an hour. The London-York section 
(188.2 miles at 71.9 miles an hour) is 
the fastest British run. The West 
Coast's competitive train, the « Corona- 
tion Seot » runs from London (Euston) 
to Glasgow in 6 h. 30 m. with a stop at 
Carlisle, the first section of 481 km. 
(298.9 miles) being covered at 102 km. 
(63.4 miles) an hour. 


— Thuile locomotive built by the Creusot Works. 


2. — France. — The streamlined loco- 
motive test carried out by the main-line 
Railways foreshadow further speeding- 
up. Up to the present, the P.D.M. alone 
operated a completely streamlined train, 
running it between Paris and Lyons, and 
since the 22nd May 1937, on to Marseil- 
les. It covers the 863 km. (536.3 miles) 
down to this place, with 5 intermediate 
stops at one of which locomotives are 
changed, in 9 hours. This works out at 
an average of 95.9 km. (59.6 miles) an 
hour. 

All this takes the French railways far 
ahead of the Hetlmann and of the Thuile 
locomotive (fig. 437), built in 1900 by 
the Creusot Works (*). 


——__ 


(1) Its leading dimensions were : 


Wheels, diameter . 
Wheelbase ‘ 

: bore . 
Cylinders eects 


Grate area . 
Heating surface 
Overall length . 
Width . 
Maximum ae 
Tractive power (0.65) 
Weight empty . : 
Weight in working order . 


(boiler) 


= 
ooNrN 
I9 wp OT 
= ao 
=} 
=) 


m. 


or ut 
we 
= 
— . . 
BERS in ais aS 


m2 (50.6 sq. ft.). 

m2 (3 203 sq. ft.). 

05 m. (457 11 25/64”). 
80 m. (9? 2 1/4”). 

DP ial, (SY IO ys). 
100 ker. (15 650 Ib.). 

t. (70.8 Engl. tons). 

6 t. (79.3 Engl. tons). 


a op 
“I o> 
wm 


ia) 
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The long Franco-Belgian or French 
non-stop runs are unaltered : Paris-Liége 
(403 km. = 250.4 miles); Paris-Brus- 
sels (3144 km. = 193.3 miles), and in 
France only, Paris-Naney (353 km. = 
219.4 miles). Some of them have been 
speeded up; the Paris-Liége run takes 
3 h. 56 m., at an average speed of 101.9 
km. (63.3 miles) an hour, while the 
« Oiseau Bleu » runs non-stop from Pa- 
ris-Nord to Brussels-Midi in the round 
3 hours, at 103.5 km. (64.3 miles) an 
hour. The Est Ry.’s 353 km. (219.3 miles) 
run is the longest purely French non- 
stop one. Since the introduction of the 
new London-Paris train-ferry service, the 
Nord Ry. has re-established non-stop Pa- 
ris and Dunkirk runs (305 km. = 
189.5 miles) in 3 h. 22 m., but at a lower 
average speed, which is 90.6 km. (56.5 
miles) an hour only. 


4. — Bexeium. — Beginning with the 
1936/37 winter timetables, certain Brus- 
sels-Ostend expresses henceforward stop- 
ped at Ghent and at the same time started 
from the Nord instead of the Midi sta- 
tion, which increased the distance by 
2 km. (41.2 miles), without any extra time 
being added to the 67 minutes alloted 
them. As they used the Bruges Saint- 
André new by-pass, distances altered to 
some extent (*). As the trains only had 
34 minutes for the Ghent-Ostend run, 
the average speed between these places 
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reached, for the first time in Belgium, 
109.2 km. (67.8 miles) an hour. This 
gave Belgium fourth place before two of 
the English main-line railways, the 
L.M.S. and the Southern. The shortest 
time taken for the Brussels-Ostend non- 
stop run is 1 h. 4m. 


20. — Germany. — We have men- 
tioned the remarkable Berlin-Hamburg 
service (1) worked at 119.6 km. (74.3 
miles) an hour, which brings Germany 
to the top of the European list, before 
the Great Western and L.N.E. Rys. in 
England, the P.O-Midi in France, and 
the Belgian National Rys. Co. in Belgium. 
Five other countries, Poland, Ireland, 
Denmark, Portugal and Spain run trains 
at average speeds of 90 to 100 km. (56 
and 62 miles) an hour. 

But even Germany is out-paced — 
though only just so — by the « Detroit 
Arrow » of the Pennsylvania Rd., whose 
average speed exceeds its own by the 
small margin of 300 m. (984 feet) an 
hour 


(d) Apportionment of the fastest 
speeds and longest non-stop runs be- 
tween the various kinds of traction. — 
Table 347 summarises the previous ta- 
bles and shows each railway’s fastest and 
longest non-stop runs of each kind. This 
table is in fact the synthesis of all the 
previous articles in this series. 


(1) When the Bruges by-pass is used the 
kenberghe are as follows : 
Brussels-Midi to Ghent-St. P. . 
Brussels-Nord to Ghent-St. P. . 


Ghent-St. P. to Ostend-Quay (through) ; on Ae 
Ghent-St. P. to Ostend-Quay (via Bruges-Town) 
Ghent-St. P. to Blankenberghe (through) 


distances from Brussels to Ghent and Blan- 


1 OU 


15 km. (32.37 miles). 

km. (83.74 miles). 
.880 km. (38.46 miles). 
580 km, (38.88 miles). 
564 km. (34.52 miles). 


Do 


TNS & 
bot 
on 


Ou 


Ghent-St. P. to Blankenberghe (via Bruges- 


LOWY st ela ee Boe eee 
Ghent-St. P. to Bruges-St. Athdré . 
Bruges-St. André to Ostend-Quay . 


55.340 kin. 
40.680 km, 
21.200 km, 


(34.39 miles). 
(25.28 miles). 
(13.17 miles). 


(1) See Bulletin, October 1937, pages 2027 et seq. 
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If we exclude European countries, it 
will be seen that in the six countries 
with average speeds exceeding 100 km. 
(62 miles) an hour, the fastest run is 
made in three cases (Germany, France 
and Denmark) by railcars, in two cases 
by steam traction (England and Bel- 
gium), and in one only (Italy) by elec- 
tric traction. 

Out of the twenty countries dealt with, 
the leading place is held in 9 cases by 
steam trains, and in the remainder, in 
6 cases by railcars, and in 5, by electric 
trains. 

If we now consider the longest non- 
stop runs, dealing at first only with the 
seven countries with non-stop runs ex- 
ceeding 200 km. (124.5 miles) in length, 
steam traction holds the first and third 
places (Great Britain and France-Bel- 
gium), electric the second and seventh 
(Italy and Switzerland) and railcars the 
fourth, fifth and sixth (Germany, Hun- 
gary-Austria, and Czechoslovakia). Ta- 
Ken as a whole, among the 16 countries 
mentioned, 9 places go to steam, 3 to 
electricity and 4 to railears. 

The British main-line and French 
Companies are autonomous units and 
just as distinct from each other as two 
railways operated by different States. 
That is why it is necessary to give the 
same information as above for each of 
these main-line railways (see Table 348). 


CHAPTER LX. 


The services. 


LX-1. — Recent modifications concern, 
in particular, the standardisation of the 
timetables and the increasing number 
of fast internal services. But, however 
convenient standard timetables may be, 
they are difficult to draw up, the more 
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so the heavier the traffic, and it is un- 
luckily on such heavily loaded lines that 
these timings are of greatest use. 

They originated in England, and their 
use spread to Holland (electric and die- 
sel trains), and to certain French lines. 
The State Rys. applied them on the Paris 
to Trouville-Deauville and next to the 
Paris-Havre 228-km. (141.7 miles) lines, 
non-stop railears being timed in 1 h. 
58 m., and steam stopping rapides in 2 h. 
27 m. or 2 h. 36 m. 

In Belgium they were first introduced 
on the Brussels-Antwerp line, which was 
an easy matter as only electric trains with 
standard timings were run, and after- 
wards on the Brussels-Charleroi line, 
which was much more difficult. From May 
1937, they were extended to the Brussels- 
Liége and Brussels-Ostend lines and in 
October 1937, to the Brussels-Mons and 
Brussels-Namur lines, trains leaving 
Brussels at they round hour, and every 
10 or 20 minutes on the Brussels-Ant- 
werp line. 

Several countries have developed in- 
ternal fast services. Belgium has its 
« block » trains, whose timetables have 
been standardised, and have been ex- 
tended to part of the country’s fast lines. 

Three methods of traction are called 
upon for the Italian «rapidi ». We have 
shown them in figure 432. But whilst the 
electric « rapidi » have been accelerated, 
the railears and steam « rapidi » have 
been decelerated. The only recent chan- 
ges concern the extension of the Rome- 
Pisa « rapidi » as far as Genova, the in- 
troduction of the Salerno-Taranto ser- 
vice, and the completion of the Sicilian 
services. 

In Switzerland, there are so far but a 
couple of these limited expresses, run- 
ning between Geneva and Zurich. In Ru- 
mania there is a series of them, but no 
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changes of any importance have taken 
place. In Denmark, such services are 
given over to the « lyntog » railcars. 


LX-2. Ferryboats. — Table 349 
sums up the most interesting data about 
the 20 European services, 14 of which 
serve the Baltic coasts and islands (see 
fig. 287): two others cross the Straits of 
Messina, and 4, the North Sea. Since writ- 
ing our earlier articles, no noteworthy 
changes have been made in the Baltic ser- 
vices, with the single exception due to the 
completion, on 27th September 1937, of 
the Storstrém bridge (‘), and there have 
been no changes in the North Sea and 
Zuiderzee services. 


(a) The DurcH services. — Since 1898, 
the Netherlands Railways had run be- 
tween Stavoren and Enkhuizen, a steam 
boat service for pasengers and parcels, 
and a goods train ferry. 


The two ferries of 591 gross tons, 


(1) This bridge, 10535 ft. or just over 2 
miles long, is but 8 feet longer than the Tay 
bridge. 
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known as the « Enkhuizen » and the 
« Stavoren » (figs. 438 and 439) each 
carried 13 wagons or 350 tons and took 
105 minutes to cross, whereas the passen- 
ger boats took 68 minutes only. In 1932, 
the train ferries carried 3 156 wagons on 
the outward and 2502 on the return trip. 
Since the Zuiderzee was closed in by a 
30 km. (18.6 miles) long dyke (fig. 440), 
the difference in level, even in bad 
weather, is not more than 1 m.(3’ 3 3/8”). 
When the Netherlands Rys. took over 
the operation of the privately-owned rail- 
ways, there was no longer any reason fo 
use this complicated rail, water and rail 
route and traffic was thenceforward by 
rail, around instead of across the Zui- 
derzee. The number of wagons ferried 
fell off very rapidly and in April 193 
the service was finally discontinued. 


(b) THe Dunkirk-Dover service for 
passenger coaches and goods wagons was 
worked for the first time on the night 
of the 14/15 October 1936. The laying 
out of the landing stages was difficult 
owing to the great variation in the water 
level, which reached as much as 5.50 m. 
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Fig. 439. — The train ferry « Leeuwarden », of the Netherlands Railways. 


(48 ft.) at Dunkirk (*). The Southern 
Ry.’s three boats (one of which has been 
transferred to the French A.L.A.), the 
« Twickenham Ferry », the « Hampton 
Ferry » and the « Shepperton Ferry », 
have the following main characteristics 


Length . LOM (Gar 
Width 18 m. (59’). 
Draught AO! Miles (Cae sO74\r 
Tonnage About 3000 tons. 


an hour. 
on hour, 


knots 
knots 


WEWEMARNEEL oo Dae es ag ld 
Maximum speed. . . . 16 

They have two tracks which by means 
of 110-m. (5 1/2 chains) radius curves 
become 4, and have accommodation for 
12 sleeping-cars or 30 to 40 wagons (*). 
On account of the restricted dimensions 
of the English loading gauge, special 
sleeping cars were designed, the first of 
which were shown in figure 133 (3). 


(1) It is 6.50 m. (21.3 ft.) at Calais, 8.50 m, (28 ft.) at Boulogne, and reaches 50 ft. 


(15.50 m.) in the Severn estuary. 


The depth of water in Dunkirk harbour is 5 m, 


is 7.70 m. (25.2 ft.) on the shore. 


2 


(16 1/2 ft.), the level of the track 


(2) Each of the French main-line railways concerned has contributed to the provision 


of a special stock of wagons of smaller dimensions than their standard ones, suitable for 


running over the Enelish lines. 


Length 
Overall 
Height 
Surface 
Capacitive = —s) cena ie 
Useful load, express goods 
Useful load, slow goods 
Tare 


width 


ng The Nord has supplied 300, the P.L.M., 400; and the 
P.O.-Midi, 640 : Their leading dimensions are : 


7.70 to 16 m, 
PEAY aay, (Ge? 3} 
ZAO Mamas (ee O) pees 

17 to 22 m2 (183 to 237 sq. ft.) 

40 to 50 m? (1412 to 1766 eu. ft.). 
2) to. Va tons: 

15 to 20 tons. 

12 tons. 


(25? 3” to 32” 97). 
i 


We reproduce this information from an excellent article by Mr. Larrassr, in the Revue 
Générale des Chemins de fer, 2nd half year 1936, p. 232. 


(8) See Bulletin of the Railway Congress, February 1935, p. 195/335. 
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Fig. 440. — Cross section of the Zuiderzee dyke. 
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The 12 vehicles actually built (fig. 444) 
contain 18 berths and have the following 
dimensions, which are interesting to 
compare with those of the wagons used 
on the Continent : 


Length, between buf- 


fers ; T3im: (597 5/8") 
Length, overall 19.20 m. (637) 
Distance between bo- 

gie centres 12.20 m. (40’) 

Height above rail le- 

vel soe eo) BAND aay (CQO) CAG) 

(Oeraenll sya & 5 6  Shifdienls CRP Br Ibe 


Figure 442 gives their cross section. 


(c) THE HarwicH-ZEEBRUGGE SERVICE 
only carries goods wagons. It is worked 
by means of three large 4-track train fer- 
ries (figs. 444 to 446), 1112 feet (356 m.) 
long, which can carry 54 ten-ton wagons, 
or 850 Engl. tons (862 t.). 


Fig. 441. — Smaller loading gauge sleeping cars built for the 
International . Sleeping-Car 


Company’s English services. 


Fig. 442. — End view of sleeping- 
cars built by the International 
Sleeping-Car Company to suit 
the English gauge. 


Their leading dimensions are : 


Total length. Shieh WyP2ii, (IMO Ce iaate)) 
Total width. 61 1/2 f. (18.74 m.). 


Draught 91/2. (2.89 m.). 
Displacement 3 654 tons. 
Speed 12 knots. 
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Fie. 443. — Southern Fyn Company's ferryboat. 


The crossing usually takes 7 to 7 1/2 which is a very great advantage for the 
hours. Owing to its geographical situa- consignors. 
tion, this service can be worked more re- (d) THE SERVICES ACROSS THE STRAITS OF 
gularly than the south-westerly services, Messina have not been modified mate- 


TABLE 350. 
LEADING DIMENSIONS OF THE ITALIAN TRAIN FERRIES. 


Displa- | Speed = Useful 
Length, Width, Depth, Draught, | cement, chee: Se track 
Boat. metric km, a length, 
metres metres metres metres (Hngl. | (miles) t see metres 
(feet). (ft-1n.). Gita). (ft, an). tons). 1p. las See? (feet). 
| 

(arid die 109.10 17.20 6.25 3.80 4 034 ise) 3 254 
(358’) (56? 5”) (20° 6”) (12? 6”) (3.970) (9.6) (833’) 

Scilla . . 109.10g i) 17.20 6.25 3.80 4 034 15.5 3 254 
(358?) | (56° 5”) (20° 6”) (12? 6”). | (3970) (9.6) (833’) 

Messina. . 93:90 | ~ “11:85 4.65 3.25 2208-9 | ene 3 206 
(308’) (38°10 1/2”) | (15’ 3”) (10’ 8”) (2174) (we) (676°) 

Aspromonte. 82.80 10.30 4.297 2.80 1 262 15.5 i 78 
(272) 1 (3379 1/2")| 14 OPE (Gar 1 aay sie eae) (9.6) (256’) 

Reggio . ; 82.80 10.30 4.27 2.80 1 262 14 1 78 
(272°) (aioe 8) Wye) Ors) (92.2 1/4”) (1 242) (8.7) (256’) 

Wiles. 5 6 82.80 10.30 4.27 2.80 1 262 13 1 78 
(2727) (Bax? BW f2) 1470”) (972 1/4) || (1 242) (8.1) (256’) 

if 
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Fig. 445. — Arrangement of the tracks for embarking on a Harwich-Zeebrugge train ferry. 
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Fig. 446, — Harwich-Zeebrugge 4-track train ferry. 


rially; but slight changes are made to 
suit the traffic fluctuations. There are 
now seven crossings daily from Messina 
to Villa San Giovanni, and 4 from Mes- 
sina to Reggio di Calabria. During the 5 
months of heavy traffic, there may be 
as many as 5 additional crossings daily 


between Messina and each of the other 
two ports. 

The boats are particularly comfortable 
for passengers (figs. 447 and 448). The 
recent units are among the best in exis- 
tence. 


The « Cariddi » and the « Scilla » have 
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Fig. 447. — Lounge of the Italian ferryboat « Scilla ». 


diesel-electric power plant, the « Mes- 
sina » and the « Aspromonte » diesel en- 
gines, and the « Villa San Giovanni » 
and « Reggio » are steamers. 

The single-track ferries are used on 
the Reggio di Calabria service, and the 
others on the Villa San Giovanni. 


LX-3. — The International Sleeping 
Car Company’s services. — During the 
last few years these services have under- 
gone three kinds of alterations 


(a) Many « de luxe » trains no lon- 
ger run as independent units; they now 
consist of sleeping cars, and if need be 
a restaurant car, attached to ordinary ex- 
presses. 


(b) In order to reduce train-mileage, 
the route of certain trains was altered, 
especially of those that where split up 
into two rakes. In several instances the 
whole train now follows the shortest 
route, and then continues to the termi- 
nus of the longer itinerary. This is the 
exact opposite of what is done in times 
of prosperity. 

Formerly, for example, coaches for 
Biarritz were detached from the « Sud- 
Express » and the « Pyrénées-Céte d’Ar- 
gent Express » at La Négresse. Both these 
trains now run to Biarritz, then return, 
and run on to Hendaye. 

Similarly the « Rome Express » was 
split up at Pisa, whence one rake ran 
to Florence [either by the direct route, 
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Fig. 448. — Promenade deck of the ferryboat « Scilla >. 


or by the Montecatini route, which was 
only 1 km. (0.6 mile) longer, but along 
a worse line], while the main part of the 
train proceeded via Leghorn to Rome 
(fig. 432). Since the economic sanc- 
tions, the whole train runs to Florence 
and thence to Rome, thus increasing the 
run by 67 km. (414.6 miles). The Jnt. 
Sleeping-Car Co.’s timetables still give 
this route whereas the contemporaneous 
Italian Ry.’s restored the « Rome Ex- 
press » to the pre-sanction Leghorn- 
Rome line. 

Mention should also be made of two 
extensions and two new trains. 

The « Oiseau Bleu » has been extended 
from Antwerp to Amsterdam, and dupli- 
cates the « Etoile du Nord » from Pa- 


ris. The Brussels-Amsterdam line is, 
therefore the only European one to be 
served daily by three Pullman trains in 
each direction,.as the « Edelweiss », 
from Switzerland, also uses it. On the 
other hand, in 1936, the « Nord Express » 
was extended from Warsaw as far as the 
Russian frontier, towards Moscow, and 
thus again follows its pre-war route here. 

As to new trains, the « Tyrol Express », 
on days when the « Arlberg-Orient Ex- 
press » does not run, is an extension, 
between Sargans and Salzburg of the 
Company’s train from Paris and Calais. 
Beyond Salzburg, it picks up the route 
of the « Orient Express ». As in the case 
of the « Arlberg-Orient Express », the 
rakes known as the « Oberland Express » 
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and « Engadine Express » are attached 
to this train in France. 

A more important train is the Paris- 
London (Victoria) all-sleeping-car train 
which is ferried across between Dunkirk 
and Dover and also carries day coaches. 
It takes 11 h. 10 m. on the outward jour- 
ney and exactly 11 hours for the return. 
The connecting express trains from Paris 
to Dunkirk-Station and back take respec- 
tively 3 h. 22 m. and 3 h. 26 m., ie. an 
average speed of 90.6 and 88.8 km. (56.3 
and 55.2 miles) an hour. Provision is 
made for long stops both at Dover and 
Dunkirk. 

This is the second of the International 
Sleeping-Car Co.'s English services. In 
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1889-1890 there also were London-Paris 
services, but they ran by day. The Com- 
pany’s « club-trains » ran both between 
London (Charing Cross) and Dover, over 
the former South Eastern Ry.’s metals, as 
well as between London (Victoria) and 
Dover, over the London, Chatham & Do- 
ver Ry.’s 


(c) Mention must finally be made of 
the many Pullman-cars that have been 
withdrawn or converted into restaurant- 
car services. 

To complete the information previous- 
ly given, figure 449 shows one of the old 
six-wheeled sleeping-cars built by the La 
Croyére Works ('). 


Fig. 449. — Old six-wheeled sleeping-car built at the La Croyére Works, 


about 1875, for 


the Int. 


Sleeping-Car Co. 


(1) The leading dimensions were : 
Body length. 
Overall length . 
Outside width. . : 
Height above rail level . 
Diameter of wheels . 
Total wheelbase 


10.250 m. (3¢ 

11.050 m. ( 8 Vic 
2.800 m. (9’ 2 15/64’). 
Biol) say 

1050 5am ( 

6.300 m. ( 


The two-berth compartments w were 1.870 m. by LB) wa, (Oe i aykse "7 4} 5 1/4 
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CHAPTER LXI. 


Appendix. — Supplementary 
information. 


So as to complete the data previously 
given, we here append some further in- 
formation solely for reference purposes. 


4. Track gauges. — Besides Ireland 
and the Iberian Peninsula, which have 
retained the broad gauge, this gauge was 
formerly used in several countries that 
have since discarded it; the 1.60-m. 
(5° 3”) in Baden, and the north of Swit- 
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zerland (1), and the 1.94-m. (6° 4 3/8”) 
gauge in Holland (*). 

In Great Britain, there was at the in- 
ception, still greater diversity of gauges. 
The 5-foot (1524m.) track was used by 
the former Eastern Counties Ry. as far 


as Chelmsford and Cambridge (*) (lines 


now owned by the L.V.E, Ry.) and gau- 
ges of from 4 6” to 5 6” (1.37 fo 
1.68 m.), in Scotland. 

The greatest mileage of broad-gauge 
lines was laid by Brunel, the Great West- 
ern’s brillant chief engineer. This gauge 
was 7 1/4” (2.14 m.) (fig. 450), which 


TABLE: 30]. 


SECTIONS OF THE GREAT 


WESTERN RAILWAY ORIGINALLY LAID 


TO 7’ 1/4” (2.14-M.) GAUGE. 


SECTION. 


Princes Rixborough-Aylesbury . 

Oxford-Wolv erhampton i, 

Grange Court (near Gloucester) -Herefor a. 

Reading- Basingstoke. 

Maidenhead- Oxford 

West Drayton-Uxbridge. 

Whitland- ‘Carmarthen : 

Swindon-Milford and branches : 

Vale of Neath, Merthyr 
Grange Court branches . 

Radley- “Abingdon ; 

Didcot- Oxford : : 

Bristol & South Wales Union Railway : 

Thingley Junction-Dorchester : 
Westbury-Salisbury . . ‘ 
Bathampton- Bradford Junction : 
Bristol-Frome : 

Reading-Holt Junction and branches 


Branches . : 

Durston-Yeovil. 

Barnstaple-Norton- Witaw arren- Mincheads 
Tiverton Junction-Tiverton 

Creech Junction-Chard . 
London-Penzance . 

Mutley-Lauceston . 


and Cheltenham to 


Dorchester -Weymouth-Southeote Jn. -Reading | 


Length Date 
LS || COTTE 1D) 
Kn. Miles. standard gauge. 
Sa ER SR Ee I Es 
11 6.8 1868 
144 89.5 1869 
39 21.7 1869 
26 16.2 1869 
60 37.3 1870 
as 2.5 1871 
22 13.7 1871 
384 238.6 1872 
96 59.7 1872 
3 1.9 1872 
19 11.9 1873 
317 197.0 1874 
14 8.7 1874 
24 14.9 1875-1880 
33 20.5 1880 
108 67.1 1881-1882 
if 4.4 1884 
19 11.9 1891 
482 299.5 1892 


) See Bulletin, August 1937, De mlaly/Alaloe 


(1 
a See Bulletin, March 1935, p. 280/368, 


3) It was converted to standard gauge in 1844, 
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Wolerkamplon. 
 Bivmingham 


Atiafoud on Ovon 


Fig. 450. — Great Western Ry.’s broad gauge (2.14-m. = 7’ 1/4”) lines, converted to 
standard gauge on the dates given in table 351. 


made it possible to run from the start at 
speeds which were quite remarkable for 
the time. As early as 1846, only 57 mi- 
nutes were allowed for the 53 miles (85 
km.) between London and Didcot; yet 
this included the stop at Didcot so that 
in practice the run was often made in 
50 minutes and even in 47 1/2 minu- 
pesmi 

The broad gauge mileage eventually ag- 
gregated a length of 2214 km. (1376 
miles). 

Although the Gauge Regulation Act of 
1846 did not apply to the Great Western 
Ry. or its subsidiaries, in the end the 
Company felt compelled to convert its 
system to the standard gauge. A begin- 
ning was made in 1868 when the Prin- 
ces Rixborough and Aylesbury 11 km. 
(6.8 miles) were thus altered but for 
some time already certain sections, often 


of considerable length, had been equipp- 
ed with a third rail. The last broad gau- 
ge section was converted in 1892 (?). 

The London Metropolitan Ry. being an 
extension of the Great Western as far as 
Farringdon Street, was originally laid to 
2m. 14 (T 1/4”) gauge and opened to 
traffic in 1863; if was soon equipped 
with a third rail to make it suitable for 
both gauges. The outer line of rails was 
removed in 1869, thus retaining standard 
gauge track only. 


Scottanp. — In Scotland there was 
even greater diversity of gauges than in 
England. The London Midland & Scot- 
tish Ry. has kindly supplied us with 
the following hitherto unpublished in- 
formation on the subject, for which we 
are very grateful (*). 

Both the Wishaw and Colness Ry., and 


1) See ACWORTH 
55 
3 


( 

( 
1923, pp. 182/100 et seq. 

( 


: « The Railways of England >. 
) Further details will be found in an earlier article published in the Bulletin, February 


3) All these railways except the Dundee-Arbroath line which it jointly owns with the 


L.N.E.Ry., now form part of the London Midland & Scottish Ry. 
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the Glasgow Garnkirk & Coatbridge Ry. 
were built to # 6” (4.371 m.) gauge, and 
converted to standard gauge in 1844 and 
1845 respectively so as to comply with the 
Gauge Regulation Act. 

The Kilmarnock and Troon Ry., built 
to 4-foot (1.219 m.) gauge, and its branch 
line from, Drybridge to Fairlie, of 3’ 4” 
(1.016-m.) gauge, were converted to stan- 
dard gauge in 1846. 

The 5’ 6” (1.676-m.) gauge of the Arb- 
roath and Forfar Ry. and the Dundee and 
Arbroath Ry. was converted to 4 8 1/2” 
(1.435 m.) in 1846; the next year the 
Dundee and Newtyle Ry., the Newtyle and 
Glamis Ry. and the Newtyle and Coupar 
Angus Ry. were dealt with in the same 
way. 


TrRELAND. — The Ulster Ry., built in 
1836 to the 6-foot (1.82-m.) gauge was 
converted to the standard gauge of the 
country (5° 3” — 1.60 m.) when this rail- 
way was amalgamated with the other lines 
forming the Great Northern Ry. (*). 


SWEDEN AND FINLAND. — When war 
was declared in 1914, the standard-gauge 
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lines of the Swedish system-ended at Ka- 
rungi, while the Finnish lines built to the 
Russian gauge of 1.52 m. (5’) ran as far 
as the frontier river at Haparanda. The 
Swedes extended their railway from Ka- 
rungi to the Tornea frontier river and the 
bridge which was opened to traffic in 
1919 carried a 4rail track. 


2. Loading gauges. — To complete the 
information given on this subject, figu- 
res 451 to 453 show the loading gauges 
of the Irish 5’ 3” and 3’ (1.60 and 0.91- 
m.) lines, and figure 454 the loading 
gauge of the 1.52 m. (5’) track on the 
Finnish Railways, which is practically 
the same as that of the U.S.S. R. 


3. Bridges. — (a) We have previously 
quoted the most important Danubian 
railway bridges, above Rumania. The 
length of the Rumantan RAILWAY BRIDGES 
are as follows : 

970 m. (3 182’). 
1 455 m. (4 774’). 
1 663 m. (5 489”). 


Borcea. 
Ezer. te 
Regele Carol I . 


(b) Loncest BRITISH RAILWAY BRIDGES : 


Firth of Forth . 27529 em (82907) Former North British Ry. 
Tay Bridge . 3 286 m. (10 780’). Do. 

Solway Firth 1804 m. (5 820’). Demolished in 1934. 
SUMMA Te 5 Bw GG oS 678 m. (2 190’). Great Western Ry. 

Royal Border (Berwick on Tweed) 669.6 m. (2 160’). ; 
Britannia Tubular bridge . 468 m. (15107). Over the Menai Straits. 


4. Tunnels : (4) Great Britain. — 
Two important tunnels have been driven 
under the Severn and Mersey estuaries. 
Apart from these, there are in England 
alone, 31 tunnels over 2 km. (4.24 miles) 
long. These are given in table 353. 


The longest continuous tunnel in the 
London underground system is 16 miles 
1100 yards (26775 m.) long, from Gold- 
er’s Green to Morden, via the Bank. 


(2) The Irattan Stare Rys., one of the 
Systems having most tunnels, have kind- 


(1) Apart from this exceptional gauge, the Irish system is built to the 5° 3” 
and certain 3’ gauge lines have been converted to the 5’ 


_ The opposite took place more frequently. 

Stranorlar) was reduced to 3’ gauge in 1892 
to make up the County Donegal Ry. 
tion of the Cork Blackrock and Passage Ry. 


2 eauge, 
halle i 


Thus the Finn Valley Ry. (from Strabane to 


when amalgamated with the West Donegal 


The same thing happened to the Cork-Passage sec- 


(1903). 
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Pree ee 
ee ee 5155" 


Fig. 451. — 160-m. (5’ 3”) track loading gauge, 
Great Northern of Ireland Ry. 


+1407, 


+3100. + 1.16 
..+1.22 
420 | + 0.10 
= | z BE { ae 
(a) Former Queenstown, Kildare, (b) Former N, Wall-Galway, 
Limerick, etc. system. Enfield-Edenderry, etc. system. 
Fig. 452. — 160-m. (5’ 3”) track loading gauges, Great Northern of Ireland Ry. 


Seer 5.45 
101. to 13.07 


+30"... ly 40.91 


(a) Great Northern of Ireland. (b) Northern Oounties Committee. 
Fig, 453. — 0.91-m. (3’) track loading gauges. 
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..+9.10 


+14’. 
+12’6... 


+910". 


Wig. 454. — Finnish Rys’? 1.52-m. (4’ 11 3/4”) 
track loading gauge. 
The inner line shows the loading gauge on 
certain lines of the system. 
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ly furnished us with a list of those over 
9 km. (4.24 miles) in length. In spite 
or, perhaps, we should say, because of 
their number, it is interesting to quote 
them here for reference purposes. We 
would draw attention to the numerous 
tunnels on the coastal lines from Genova 
to La Spezia and from Battipaglia to 
Reggio C. These tunnels continue even 
beyond the Straits as the line from Mes- 
sina crosses Mount Pelirotany at the top 
of a very steep gradient, through a 5.445- 
km. (3.38 miles) tunnel, so as to reach 
the northern coast of the island. 

These tables (No. 354) are here pu- 
blished for the first time. 


(9) SwitserLAND. — A slip occurred in 
Table 201, in the July 1935 issue of the 


TABLE 352. 
LENGTH OF RAILWAY BRIDGES OVER THE LARGER DUTCH RIVERS. 


SR ASSES i CRE SS SR A A SS SSI nA SS SE 


Place. River. 
Arms of the Rhine 
and Meuse. 

Nymegen. The Waal. 
Bommel. Do. 
Baanhoek. The Merwede. 
Dordrecht. The Old Meuse. 
Oosterbeek. The Rhine. 

Rhenen. Do. 
Culembourg. The Lek. 
Rotterdam. 


The King’s Harbour. 
The New Meuse. 


Westervoort, The TJssel. 


Zutphen. Do. 
Deventer. Do. 
| Zwolle. 

(Hattemeerbroeck) Do. 
Maastricht. The Meuse. 
Roermond. 

(Buggenum) Do. 
Venlo. Do. 
Gennep. Do. 

Heumen (Mook) . Do. 
Ravenstein. Do. 

Hedel. 
(Crévecceur) . Do. 
Moerdijk. The Hollandsch Diep, 


Length 
—awann 
Metres. Feet. 
| 

687 2 254 
870 2 854 
ATT 1 565 
402 1319 
478 1 568 
532 1 745 
670 2198 
216 709 
402 1319 
470 1 542 
361 1184 
521 1709 
434 1 424 
198 650 
263 863 
231 758 
317 1 040 
355 1165 
34] 1119 
718 2 356 

1 469 4 820 
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TABLE 354 
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ITALIAN TUNNELS OVER 2 KM. (1.24 MILES) IN LENGTH. 


TUNNEL. 


ST 


re Length Maximum altitude 
Name. 

Metres. | Miles.| Metres. | Feet. 
ee 
Alessandria-Arona. . Valenza. 2 330.06) 1.45 | 4122.03 400.3 
Asti-Chivasso. Brozolo. 2 348.21) 1.46 261.92 859.3 
Cuneo-Vievola ede Colle di Tenda. * 8 098.64) 5.03 |4 040.45 | 3 413.5 
Santhia-Borgomanero-Arona Gattico. 3 308.63) 2.06 298 10 978.0 
Scam Colle Sella. | 2 309.00) 1.48 | 429.80 | 4 082.0 

iD. ‘ Colle Belbo. | 4 246.90 2.64 515.415 | 4 690.1 
Torito Modane Del Frejus. \43 635.75) 8.47 |4 295.00 | 4 248.6 
Fossano-Mondovi-Ceva S. Giovanni. 2 803.60, 1.74 | 454.87 | 4 492.3 
Domodossola-Iselle. Elicoidale di Varzo. 2 967.99] 1.84 568.20 | 1 863.6 
Olegeio-Pino . Varallo Pombia. 2 687.24) 1.67 ree 731.3 

Do. : Laveno. 2 934.90| 1.82 208 .50 684.0 
Genova-La Spezia. Ruta. 3 086.00} 1 92 37.48 123.0 

Do. Delle Grazie. 2 164.62) 1.35 12.46 40.9 
Do. Vallegrande. 4 007.10} 2.49 26.64 87.4 
Do. del Rospo. 2 582.55) 1.57 A727 5600 
Do. Picchi. 2 335.91] 1.45 15.49 49.8 
Do. Mesco. 3 034.56} 1.88 16.28 53.4 
Do. Monterosso Ruvano, 2 886.87] 1.79 17.27 56.7 
Do. Biassa. 5 145.93) 3.49 28 85 94.65 
Ronco-Arquata . Borlasea. 4 048.80) 2.54 293.59 96.3 
Torino-Genova Dei Giovi. | 8 264.76] 2.03 | 314.02 | 102.0 
Succursale dei Giovi . Ronco. 8 297.55) 5.15 276.30 906.5 
Genova-Ventimiglia Capo Berta. 2 435 07| 1.54 6.4184 20.3 
Genova-Ovada-Asti. Turchino. 6 447.64] 4.00 316.24 | 4 037.4 
Do. y Cremolino. 3 408miGieceat 216.46 710.2 
Trieste C.M.-Piedicolle Wocheim. 6 338.66| 3.97 534.34 | 4 '749.7 
DD. BOLOGNA-FLORENCE Yrande galleria 
del ’Appennino. 48 507.38} 1.15 | 323.02 | 4 059.7 
Do. Pian di Setta. 3 052.02} 1.89 294.90 967.5 
Do. Monte Adone. 7 185.35! 4.43 181.65 595 .9 
Bologna-Pistoia (Porret- 
tana). OH 9 Dell’ Appennino. 2 727.22) 1.69 | 580.44 | 4 905.0 
Bologna-Pistoia (Porret- | 
tana). aeons Piano Casale. 2 6241.54) 4.63 | 296.80 973.7 
Florence-Faenza . Pratolino. 3 584.30} 2.22 | 302.09 Souea 
Do. Monzagnano. 2 335.89) 1.45 | 451.47 | 1 481.2 
Do. ee Appennino. 3 778.28) 2.35 | 578.38 | 4 897.6 
Parma-La Spezzia . xroppo S. Giovanni. 2 489.49) 4.55 | 305.46 | 1 002.2 
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TUNNEL. 
__—ee NNN ea, 
LINE, Length Maximum altitude 
Name, 
Metres. | Miles.| Metres. Feet. 
Parma-La Spezia Maccagnana. erates Ghat | Binesaalld) | al razaal 
Do. Borgallo, 7971.54! 495 | 4341.82 | 4 445.4 
Roma-A vezzano Monte Bove. 3 938.85 2.44 | 801.00 | 2 627.9 
DD. ROME-NAPLES. Mont’Orso. 530251542 GOmienseGO) 175.8 
Do. Vivola. T 454.53, 4.63 94 80 314.0 
Do. Monte Massico. SYR Y AIAC (Sue? Sal amar (lars lem ely lel 
De Metropolitana. 5 223.00, 3.28 | 13.60 32.8 
Sulmonia-Isernia Monte Pagano. 3 109.72) 1.93 945.04 | 3 101.7 
Do. Monte Totila. 2 175.15) 4.35 TAOS NE 2252925 
Do. : Maiella. 2 485.08) 1.54 [1 258.86 | 4 062.8 
Roccasecca-Avezzano Scrime, 2 452.49) 1.37 274.08 889.4 
Rome-Sulmona Carrito. 3 544 69) 2.20 907.63 | 2 977-7 
Foggia-Naples Ariano. 39 20br 00) 199 B.A) || al Wali! 
Do. Fe aa della Starsa. 2 600.00) 1.64 383.00 256.5 
Salerno-Mercato San Seve- Elicoidale di Fratte. 2 395.00} 1.49 74.48 244.4 
rino Re es 
Cancello-Avellino Turci. 2 425.00) 1.50 | 398.50 | 4 2914.0 
Avellino-Rocchetta . Montefalcione. 2 595.00) 1.64 | 444.45 | 1 457.2 
Palermo C.-Messina Carbone. 2 055.00) 1.27 22.40 73.5 
Do. Tindari. QHl22200 eee: 135 38.9 
Do. Peloritana. 5 446.00) 3.38 155.02 508.5 
Fiumetorto-Bicocea. Magazzinazzo. 2 PSO) LB) | BRO. 7a || al WoO 
Do. boas ve Marianopoli. 6 477.00} 4.02 | 354.67 | 1 1638.6 
OCastelvetrano-P. Empedocle. S. Giorgio. 3 768.00) 2.34 53.59 175.8 
Battipaglia-Reggio C. Rutino. 4 408.70) 2.74 127.50 418.3 
Do. Spina. 3 282.73) 2.04 79.80 261.8 
Do. S. Cataldo, A ORS Bale) 82.93 Pen) 
Do. Acquafredda. 3 898.50) 2.42 Lol {74.5 
Do. Dell’Arma. 2 254.76) 41.40 90.00 295.3 
Do Maratea. 2 390.52] 1.48 86.50 283.7 
Do. Castrocucco. 2 547.88) 1.58 24.60 80.7 
Do. Coccorino. 2 360.00) 1.47 52.50 sd 
Do S. Elia-Torre di Palmi. | 2 444.93] 1.52 U2ottss 56.6 
Do Tanculla-Leone-Frana. 2 662.41) 41.65 61.12 200.5 
Taranto-Reggio C. Cutro. 2072245 CO el OAS Soom 
Paola-Cosenza . . . . Appennino. AAG 5) Posey | BaD) | ah Tetsbos) 
S. Eufemia L.-Catanzaro M. Sansinato. 2 444.79) 1.52 122.02 400.3 
Foggia-Potenza . Appennino. 3 320.03] 2.06 | 773.32 | 2 587.4 
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Bulletin, the ownership of the Simplon 
tunnel being erroneously attributed to 
the Bern-Létschberg-Simplon Ry. instead 
of the Swiss Federal Rys., as was cor- 
rectly stated in the text. 
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5. Railway gradients. — Additional 
information received from the Rumanian 
State Railways. 


(a) CARANSEBES-SUBCETATE LINE. 


Distance Altitude 
eee 
Km Miles. Metres. Feet. 
COmemEG@O 5 5 6 o o o < 0 0 204 669 
ISOM go 0 6, oo 2 0 34 PAN 425 1 394 
inonesGaues: ere ae ce. Pome 47 29.2 692 2270 
Sarmisegetuza . . .. .- . 56 34.8 481 1578 
SHOQCRENRS 5 5 6 6 be ao -f 9 ae 47.8 297 974 


Rack sections with 1 in 20 gradients 
exist from Butari up to the Iron Gates 
and down again to Sarmisegetuza. Else- 


250 m. (12 1/2 chains) is the minimum 
radius of curves. 


(b) Darmanesti-VaTra Dornet-Dorni- 


where, gradients do not exceed 1 in 40; SOARA LINE. 
Distance Altitude 
o_O EEE ee—e 

Km Miles Metres. Feet 
Darmanestiome scar Gee 0 0 294 965 
CHCICH asta GR Cee ol oh ako Lae PM 13.0 375 1 230 
BANAL @ “g 0 Boovon toe: 4 28 174 532 1 745 
Sadovagsais oo Gow s Be oe s 74 46.0 665 ZS? 
IMestecanus: aes “we ceo cas 92 Oieeme 949 3 113 
Tunnel . Moe erk Tee ee aoe 5 948 3110 
Maitiar (Onnels aa oes |e 108 67.1 789 2 589 
DornasBridge, Ae. +. = 116 1251 813 2 667 
Dorna-Canmdtent «9.6. 6. se 119 73.9 837 2 746 
Bridge over the Dornisoara . ay 53 897 2 943 
IDOE NO 5 5 Gokae ln oo o 139 86.4 1 032 3 386 


The gradients are relatively steep. Be- 
tween Cacica and Paltinoasa there is 
2517 m. (1.56 miles) of 1 in 34 gradient 
which is only reduced to 1 in 35 between 
Sadova and Vatra Dornei, to 1 in 40 be- 
tween this place and Candreni, and to 4 
in 48 between Poiana and Stampei-Dorni- 
soara. The smallest radius of curves is 
180 m. (9 chains). 


(c) The following altitudes should be 
added to those given on pages 308/576 


and 317/585 (Bulletin, March 1936 
issue) 

Bucharest North . . . .-. 82 m, (2697) 
ATG. oe, ge oe = eee (GMa toa) 
Decebal Brontier =) = el02em- (885) 
USES oo saw ee a 5 SE ca, (CRO?) 
Obeeyekeen EMR gg UG at, (AG?) 
Episcopa Bihar. °. . . . 122 m. (4007) 
pieM NG, GR oh 6 6 no) ll Gea, (ORR? 


(62 (On J 


The present position of the development 
of the microscope and its application to railway service, 
by Dr.-Ing. ALFrep KARSTEN., 


Railway engineering to-day necessita- 
tes the testing of numerous kinds of ma- 
terials, such as steels, bronzes, - bearing 
metals, woods, paints, lubricants, etc., 
and the study of the phenomena of wear 
and corrosion, the effects of which must 
be reduced to a minimum, for which 
purposes a good microscope is essen- 
tial. It has for a long time been con- 
sidered that the microscope has reach- 
ed its limit of development; higher 
magnification is indeed scarcely possi- 
ble, if only for theoretical reasons, and 
optical lenses can hardly be perfected 
much further. 

Nevertheless, optical instrument desig- 
ners have succeeded in the last few years 
in beginning to simplify and quicken 
micro-photographic work and the change 
from one system of lighting to another. 
In the course of experiments conducted 
with this object, not only have means been 
found of improving the older methods of 
illumination but new ones have also been 
discovered. The exacting and complex 
conditions microscopes had to meet in 
metallography, in particular, led to the 
perfecting of some microscopes known 
as the camera type, in which a_high- 
power microscope is combined with a 
camera arranged to take plates of 6.5 « 
Oem 9 42. Cina / 40. 8 1/2", 
3 1/2” 4 3/4’) and, for certain spe- 
cial purposes, 13° <x 18 em, (5°1/8" x 
T 3/32"). 

Several types of instruments, having 
some points of design in common and 
others different, were rapidly introduced 
and used, such as the Vickers type II 


XI-6 


« projection microscope » (fig. 1), the 
« MeF Universal » camera microscope, 
made by the Austrian firm of Reichert, 
and the various German designs, such 1s 
the Neophote, Panphote, Orthophote, and 
the Metaphote, recently perfected and 
seen in use in figure 2. 


he 


Vickers type II 


projection microscope, 
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An important improvement character- 
istic of these instruments is the mount- 
ing of the eye-piece tube on a level with 
the observer’s eye, at a favourable angle 
with the horizontal, allowing of lengthy 
investigations being made without the 
tiring bending forward of the head, ne- 


2. — The Metaphote being used with 


vertical illumination. 


cessary with older designs. In the Neo- 
phote instrument the sloping optical 
tube, so much used before, has been re- 
tained, but in an improved form, which 
by means of 4 oscillatory socket bearings, 
has eliminated the principal disadvan- 
tage of such an arrangement, namely its 
sensitivity to disturbances causing the 
instrument to get out of center or out of 
adjustment. To enable the instruments 
to be handled easily and simply it has 
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been found advantageous to incorporale 
the camera in the modified base casting, 
as in the « MeF Metaphote » arrange- 
ment. This saves space on the work table 
and eliminates accessory parts from the 
neighbourhood of the base of the instru- 
ment, so that the operator’s hands are 
left quite free. 
The most important improvements in 
the Metaphote instrument, designed in 
the experimental laboratory of Emil 
Busch Ltd., Rathenow, Berlin, are the 
following : — Construction of the opti- 
cal system so as to permit of simulta- 
neous observation by the operator and 
the taking of a micro-photograph, so that 
the most favourable moment for a pho- 
tograph can be selected; replacement of 
the rotating objective carrier by a patent- 
ed inclined slide frame, in which several 
objectives may be inserted successively, 
all being accurately centred. 
We may now usefully give some of the 
results obtained with modern camera mi- 
croscopes when examining materials used 
in railway work. Figure 3 is a series of 
views showing the influence of the carbon 
content on the properties of steel. In the 
upper image on the left, etched with 
picrid acid, magnified 360 times (240 in 
the illustration), taken with a fine grain 
medium sensitivity plate, the pearlite 
areas are discernible among the iron 
crystals. Carbon content in this case was 
0.5 %. Above on the right is seen a 
test piece containing 0.95 % of carbon, 
and it shows the uniform texture of the 
grey cast metal, almost purely pearlitic, 
with a small amount of graphite. This 
specimen was also etched with piecrie 
acid, and magnified 900 times (600 in 
the figure). The example below on the 
left, similarly treated and enlarged, 
shows hard, white cast metal, the carbon 
content being 2.9 %, and shows how the 
crystals of iron carbide have formed in 


Magi. xX 240) 


ig. 
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(Magn. X 600) 


(Magn. X 600) 


3. Micrographs of polished test pieces 


of steel with different earbon contents. 


larger groups. Below, on the right, we 
see a specimen of malleable cast metal 
etched with chloride of iron, enlarged as 
in the last two cases. The darkest por- 
tions are graphite, liberated during the 
annealing of the material, surrounded by 
the decarbonised zone, i.e. the crystals of 
ferrite limited by the initial pearlitic 
structure. Figure 4a shows a prepara- 
tion of protoxide of copper, photograph- 
ed with vertical bright field illumination, 
such as can be obtained in testing cop- 
per for locomotive fireboxes; figure 40 
shows the same preparation photograph- 
ed with dark field illumination; both 
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these were magnified 300 times (250 in 
the illustration). Figure 5 shows a cross 
section of pine wood illuminated trans- 
versally and magnified 130 times (90 in 
the figure). Experience proves that en- 
largements may be reduced in scale in 


(Magn. * 250) 


Fig. 4a. — Copper protoxide in bright field. 


proportion as the lighting is more per- 
fect, with the advantage that the exact- 
ness of reproduction and the discovery of 
the .characteristic features of the mate- 
rials examined are markedly facilitated. 

As a source of light, low-voltage lamps 
are now generally used, mounted in a cy- 
lindrical metal case with an aspherical 
condenser and iris shutter. Either a 30- 
watt (6 volt, 5 amp.) or a 50-watt (6 volt, 
8.3 amp.) lamp is used. If they do not 
give sufficient light, a d.c. arc lamp, 4.5 
to 6 amp., is added to the instrument and 
combined with if on a common base. 
When it is necessary to make investiga- 


(Magn, X 220) 


4b. — Copper protoxide in dark field. 


(Magn. x 90) 


Fig. 5. — Cross section of pine wood. 
tions under ultra-violet light, as in the 
case of lubrifiants and anti-rust paints, 
the arc lamp is replaced, either by a 
quartz lamp in the case of special ana- 
lyses, or an arc lamp fitted with special 
electrodes, which produce a light rich in 
ultra-violet rays. 

A method of lighting particularly useful 
in certain cases is that invented by Dr. 
Hauser, which consists in illuminating 
the upper part of the object by transverse 
light carefully calculated to make its con- 
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tours appear distinct, and to produce, 
by simultaneously applying light ver- 
tically or obliquely, a high degree of con- 
trast, unobtainable by other means, and 
a considerable plastic of the image. Figure 
6 shows the effect of the Hauser method 
of lighting when applied to iron fil- 
ings, magnified 30 times. A photograph 


of this kind enables even the kind of file 


used to be identified. This system of 
lighting is obtained without any diffi- 
culty by using the apparatus shown in 
figure 7, which shows all the equipment 
required for obtaining transparent el- 
fects, including the lamp container, the 
deflecting mirror, mounted on a fixed 
bar and adjustable accurately in a metal 
chamber, as well as a large Abbe lighting 
unit fixed on a column which can be se- 
cured to the top of the microscope by a 
simple movement of the hand by means 
of a so-called « dovetail » slide piece, and 


(Magn. * 34) 


- Iron filines in Hauser 
iNumination, 
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removed with equal facility. Between the 
lamp case and the deflecting mirror there 
is room for a cooling trough and 2 light 
filters (red, orange, yellow, yellow-green, 
blue-green, and blue), 6 < 6 em. (2 3/8” 
< 2 3/8”), necessary for photographing 


— The camera-microscope with acces- 
Hauser illumination. 


Fie. 7. 


sory attachments for 


(a) Longitudinal section. 
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coloured objects. The Jamp case for 
lighting from above is held by a trans- 
verse arm on a level with the vertical 
illuminator so that the light arrives on 
the latter in a direct line and passes 
thence to the objective. The method of 
working is to use the well known pattern 
of bright-field vertical illuminator, or 
with a new type for either bright-field 
or dark-field illumination, with prisms, 
plane plates, and dark-field mirror, 
known as the « Univertor ». 

The modern method of lighting from 
above is particularly important and use- 
ful when studying the phenomena of cor- 
rosion. For example, figure 8 shows 
corrosion in a brass condenser tube 
(a + 8) such as is often made use of for 
reasons of economy. This figure, magni- 
fied 40 times, shows that in this 2-phase 
brass, 60.12 % copper and 39.88 % zinc, 
the inferior constituent is first trans- 
formed electrolytically and eventually 
freed by the superior constituent. The 
microscopic examination of the pheno- 
mena of wear is effected somewhat dif- 
ferently, surface structures which follow 
a determinated direction then being ob- 


(b) Cross 


section. 


Fies. 8a and b. — Corrosion on a brass condenser tube. 


(Magn. 


x 40) 
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served, as in the case of bearing metals, 
worn shafts, etc. In such cases images 
rich in contrast are obtained by means 
of an oblique illuminator, producing con- 
centrated unilateral incident rays, which 
can be screwed on the microscope. Figure 
9 is a specimen of bearing metal with 
lead content (magnified 12 times) ; after 
working for a long time at a temperature 
of 180° C. (356° F.) the eutectic mass has 
been pushed outwards in threads, without 
the crystals of antimony and tin, them- 
selves cubic in shape. The structure at 
the surface has become quite distinct 
after treatment with diluted nitric acid. 

Almost all modern camera microscopes 
are fitted with attachments to allow of 
working with transverse or vertical pola- 
rised light and to produce, by means of 
anastigmatic objectives, what are called 
synoptic images, which are macrophoto- 


(Magn, x 12) 


Fig. 9. Corrosion of a bearing with lead 
content. Kuteetie mass driven out. 


graphs of small enlargement. By the sim- 
ple addition of a system of mirrors, it is 
also possible to make drawings on a draw- 
ing board placed beside the instrument. 
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Such images and drawings are often use- 
ful for lecture and demonstration pur- 
poses, as well as for keeping records of 
investigations. 

The best camera microscopes, however, 
can only give the best results when care 
is taken to employ the most suitable pho- 
tographic plates and the developer which 
the tests made by plate manufacturers 
show to be best adapted to them. For 
railway work fine grain pilates not too 
sensitive are generally the most suitable, 
their silver grain allowing of consider- 
able enlargement in the making of the 
positive. An arrangement that can be re- 
commended is to use photo-mechanical 
plates, with an anti-halo screen, or dia- 
positive plates and a blue or blue-green 
filter, the time of exposure being corres- 
pondingly prolonged. For photographing 
coloured objects, such as the painted or 
varnished surfaces of metals or wood, 
fine grain medium sensibility orthochro- 
matic plates may usefully be employed. 
High sensibility (instantaneous) plates, 
necessary for taking moving or changing 
objects, are hardly called for in railway 
work. 

In the case of more or less transparent 
objects, notably detached films of var- 
nish, new or used lubricants, etc., photo- 
graphs often fail to give satisfaction on 
account of the reflections arising from 
the bright parts of the surface. In these 
cases the so called « striae » method of 
ToEPLER may be used with advantage. It 
is based on the phenomena of diffraction 
and produces images° resembling those 
taken by the dark-field, or oblique, light- 
ing method but differing from the latter 
in principle. The photographing is done 
in a purely geometric-optic manner and 
is successful with only small differences 
in the co-efficient of diffraction. 


All the various processes of dissolving 
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chemical products, accompanied by the 
formation of striae (hence the name) as 
well as the various stages of the mixing 
of lubricants or paints with diluting 
agents, can be rendered visible by the 
TorPLeR method. Its application is very 
easy with the Metaphote. By using a 
spectacle lens as condenser, the image 
of the screen contained in the lamp cage 
is formed on the objective. In the middle 
of this screen another one is fixed, cut 
out of black paper, its diameter being 
such that the image of the screen on the 
objective becomes slightly smaller than 
the free opening of the latter. By suit- 
ably adjusting the objective screen the 
most favourable conditions for image 
forming may be obtained. 


The development of camera microsco- 
pes, so useful to research both in science 
and industry, might lead to the ordinary 
old type microscope with vertical eye tube 
falling into disuse. To prevent this, there 
has this year been placed on the market 
a microscope-macroscope camera of ori- 
ginal design called the « Citophote », 
shown in figure 10, combined with an 
excellent microscope of the old pattern. 
By means of a clamping attachment the 
microscope is secured to the heavy base- 
plate of the « Citophote » and so made 
secure against vibration or shock. On 
the rear edge of the base casting there 
is a hollow column, the back of which 
carries two tubes for the reception of 
lamp cases. One lamp, placed in the up- 
per tube, allows of working under verti- 
cal illumination, the other, of employing 
transverse illumination. The use of both 
together produces the Hauser effect. The 
object to be photographed is focused on 
the ground glass screen of the reflecting- 
mirror camera, designed for 9 & 12 cm. 
(3 1/2” « 43/4”) plates, which is secur- 
ed horizontally to the end of the column. 
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The ground glass screen may be replaced 
by one of clear glass on which the adjust- 
ment is made with the aid of a lamp. An 
image of the same size and clearness then 
appears on the photographic plate and 
perfectly square with same. The obser- 
ver then throws over the handle at the 
top on the right to move aside the reflect- 


Fig. 10. — The Citophote. 


ing mirror attachment and open the path 
for the light rays to reach the plate placed 
on the rear wall of the camera. The re- 
quired lighting is then obtained by ac- 
tuating the catch gear of the time and 
instantaneous exposure mechanism, on 
the front face of the camera. 

The development of modern micros- 
cope technique has taken place at such a 


rate — faster indeed than that of the 
present high-grade photographic applian- 
ces — that many scientific men are 


acquainted with only part of the advan- 
tages offered by present-day instruments. 
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Without laying claim to give a complete 
account of the question, the above re- 
marks from an experienced microscopist 
will serve to direct attention to the advan- 
tages obtainable from the use of the 
microscope. 
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Method of securing cast iron chairs to pine sleepers 
on the Netherlands Railways N. P. 46 track, 


by A. A. TAK, 


Inspector, Permanent Way Department, Netherlands Railways. 


The Netherlands Railways have laid 
their main lines, since 1912, with N. P. 
46 track (see fig. 1) (N. P. = standard 
section), the rails weighing 46 kgr./m. 
(92.7 lb. per yard) and being carried on 
cast iron chairs independently secured to 
the sleepers. The rails are held down on 
the chairs by two bolts and clips, and 
the chairs are fastened to the sleepers 
by four coachscrews. On straight lengths 
and curves exceeding 500 m. (25 chains) 
radius, pine (pinus sylvestris) sleepers 
are used, but on sharper curves, hard 
wood (oak or beech). These sleepers 
are: a2-00s10.-2:10 amee(800:.41/32" “to 
8’ 10 5/16”) long, their section being 
PCM 2 Cris (Oe 9° 7/87). 

A hard-wood ferrule is driven in for 
the coachscrew holes in the chairs and 
suitably fills the space round the neck 
of the coachscrew; this prevents any mo- 
vement of the chairs, and at the same 
time keeps out any water and protects 
the sleeper from deteriorating. 

The large area of the chairs (about 
630 cm? — 97.6 sq. in.) reduces the de- 
structive action of the trains passing 
over them. 

Although this track is very strong, a 
large number of coachscrews were found 
to be loose, having stripped the threads 
in the sleepers and consequently were 
not held in the chairs. In the case of the 
thinner sleepers known as the 5-inch 
(127 mm.) which were used at one time 


for economy, the explanation was easily 
found to be in the failure to use shorter 
coachscrews; actually some of the coach- 
screws projected through the sleepers in- 
to the ballast. Under the action of the 
rolling loads, they were driven upwards, 
and so destroyed their hold in the slee- 
pers. 

In the case of sleepers of ordinary 
thickness (the 6 inch = 152 mm.), when 
this occurred, as it did in some newly 
laid sleepers, this reason did not apply, 
and the cause had to be sought in some 
disagreement between the following fac- 
tors : strength of the wood under moy- 
ing loads, shape and dimensions of the 
thread of the coachscrews, and the force 
exerted when driving these coachscrews 
into the sleeper. 

As pine sleepers are chiefly used for 
this track, and as it is essential that the 
chairs be fastened down effectively to get 
a long life from the sleepers, it was very 
important from a financial point of view 
to get the correct balance between these 
factors so as to be able to decide how 
an improvement could be effected. 

As a result of these observations, Mr. 
Ch. H. J. Driessen, the Chief Permanent 
Way Engineer, decided to carry out the 
trials a description and the results of 
which are given hereafter. 


The first thing to be done was to find 
out the stress that could be imposed on 
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a coachscrew with an ordinary spanner 
and then the force required to strip the 
thread in the wood. 

The coachscrews are generally tighten- 


ed up by two platelayers using the 
spanner illustrated in figure 2, They 


could also be tightened by one man, but 
the effort would be too great for conti- 
nuous work, and there would be the dan- 
ger of the screws not being tightened up 
sufficiently. Obviously the work can be 
done more easily by two men; then too, 
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Cone-shaped hard wood ferrule. 


whilst doing the work the men work in 
balance, which prevents the spanner 
slipping. 

In order to measure the force applied, 
a special spanner was made; the force 
applied to the arms is transmitted to the 
shaft throught two dynamometers shown 
in figures 3 and 4. The fingers of these 
dynamometers displace a small block by 
pushing it along a scale graduated in 
kilogrammes. When the finger comes 
back from the position indicating the 
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maximum force applied, the block in 
question remains in place and records 


Fig. 3. 


the said force. As the length of this arm 
is known (30 cm. = 12”), the moment 
exerted is deduced at once. The greatest 
moment exerted by two men was found to 
be about 6400 ker./em. (5568 in./Ib.). 
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In ordinary working the maximum is 
4000 kgr./em. (3 480 in./Ib.). 

The force required to strip the threads 
was then ascertained, in the case of the 
standard Netherlands Railways’ coach- 
screw which is 23 mm. (29/32”) in dia- 
meter and 190 mm. (7 1/2”) long, and it 
was found to be 3000 kgr./em. (2610 
in./lb.). (In the case of pine sleepers the 
holes are drilled with a 13 mm. = 
33/64” drill). 

Two men therefore exert a moment ex- 
ceeding the latter. Usually the men 
appreciate when the coachscrew is driven 
home; of course many a coachscrew may 
be driven too far and be turning loose in 
its hole. 


Fie, 4. 


Obviously the moment exerted could be 
reduced by shortening the arms of the 
spanner, but this implies the condition 
that the spanner still be satisfactory for 
other purposes, such as driving coach- 
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screws into hard-wood sleepers (oak and 
beech). 

After considering various other means 
of reducing the moment, a total length 
of the arms of 45 em. (17 14/16”) was 
selected instead of 52 em. (20 1/2”). The 
moment is reduced proportionally, i. e. 


a 


to = < 4000 ker./em. = about 3 450 


kgr./em. (3 000 in./Ib.). 

Shortening the arms had thus already 
given one result; there was still the ques- 
tion of improving the thread of the 
coachscrew by using another shape. With 
this object, tests were made to see how 
the Netherlands Railways’ coachscrew 
thread compared with those of other rail- 
ways, for example the London & North 
Eastern and the Reichsbahn, both using 
coachscrews to anchor the chairs or bear- 
ing plates to pine sleepers. 

As is known the Reichsbahn uses 
coachserews in its new track equipped 
with « Rippenplatten » (ribbed bearing 
plates) which are very like our chaired 
road in use since 1912, without showing 
the same advantages as regards the rigi- 
dity of the plate (steel instead of cast 
iron), the large bearing surface, trans- 
verse immobility (through using conical 
wood ferrules) and the centre bearing. 

A number of new shapes of large 
thread and then a wide pitch thread were 
examined. This latter was based on the 
fact that the coachscrew would be most 
difficult to drive if it had vertical 
threads. These coachscrews, however, 
had to be hammered into the sleepers 
instead of being screwed in. The diffi- 
culty of forcing such coachscrews there- 
fore was obtained at the expense of their 
resistance to pulling out. This idea 
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might, however, be followed up by trying 
a wide pitch thread. 

To increase the resistance a double 
thread was tried, there being enough 
space between the threads for this pur- 
pose. 

We have consequently compared the 
seven forms of thread shown in fi- 
gure 5 


1B, IN dole, Wie 
Reichsbahn 
Large sharp thread 
Large blunt thread 
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Simple wide pitch thread; 
6. Double wide pitch thread; 
7. Netherlands Rys.’ thread (N.S.). 


In carrying out these comparative 
trials, all the coachscrews were the same 
length, and their heads had the same 
shape. So as to limit as much as pos- 
sible the effect of any lack of homoge- 
neity in the wood of any one sleeper, the 
coachscrews were driven as shown in fi- 
gure 6. The number over and below the 
points indicate the type of coachscrew 
used. 

The holes were drilled 2 mm. (5/64”) 
smaller in diameter than the stem of the 
coachscrew. 


There were four series of seven holes 
in each sleeper; each coachscrew was 
therefore represented four times. 


The table below gives the moments re- 
corded for two sleepers; those for the 
tightened-up coachscrews cannot be 
taken as absolute, as the moment the 
coachscrew is tight depends on the ap- 
preciation of the workman, but as this 
is always so, these figures have nonethe- 
less a comparative value. 


Ist set of holes 


2nd set of holes 3rd set of 


holes 4th set of holes 
Type of wontons thread eehiee thread ae thread : ihe san 
2 rea g - % tighten- = tighten- peas 
thread. ed at Pee ed at oe ed at ee ed at Bopper 
ker. : . cor, : cor. /¢ si cor. /¢ at 
(in ie kgr./em. a ie ker./em. i Hs ker./em., ker./cm. ker./em. 
A Che / Bo) \OOOO | Cin pte.) | OLED | cin rap.) | MLA AE ey | 
a ene eee a 
] 1 860 2010 1 860 1 950 il ya) 2100 | 1890 2 340 
| (1611) | (1741) | (1611) | (1689) | (1533)| (1819) | (1637) | (2 644) | 
| 2 1 830 2 400 1 800 2 180 1980 | 2670 | 2040 | 2490 
(1585) | (2078) | (1559) | (1888) | (1714) | (2312)| (1767) | (2156) 
H 3 2 160 3.030 1 680 3 540 2100 | 3390 | 2280 3330 | 
z (1870) | (2624) | (1455) | (3066) | (1819)| (2936)| (1974)! (2 S84) 
E A = | } | 
a 4 2 220 2 940 1 840 3.000 1 860 2610; | “2010, |. 3:030 
i (1922) | (2546)| (1593) | (2598) | (1611) | (2 260) | (L741) | (2624) | 
jag 5 2 100 3 300 2 130 3.000 2 160 3180 | 2400 2970 
| a (1819) | (2884) | (1844) | (2598) | (1871) | (2754) | (2078) | (2572) 
| 6 2730 |* 3150 | 2280 | 3000 | 2190 | 2520 | 2460 | 3000 | 
(2364) | (2728) | (1974) | (2598) | (1897) | (2182) | (2130)| (2598)| 
7 2070 | 2850 | 1860 | 2460 | 1890 | 2460 | 2280 | 3000 
(L792) | (2468) | (1611) | (2180) | (1637) | (2130) | (1974) | (2598) | 
; 3 re Lt os gee 
-] 2 370 2 400 1890 | 2130 1710 2010 | 1560 1 830 
(2052) | (2078) | (1687) | (1845) | (1481) | (1741) | (1851) | (1585) 
2 2400 3.000 1890 2 490 1 800 2070 | 1650 | 2070 | 
* | (2078) | (2598) | (1687)| (2156) | (1559) | (1793) | (1429) | (1792) | 
= 3 2430 | 3070 | 2130 | 3060 1 830 2760 1710 | 2550 | 
(2104) | (2659) | (1845) | (2650) | (1585)| (2390)| (1 481)| (2208) 
A 4 2310 2910 2 280 27607 2730 4 $2700 | 1 740 2340 | 
Bs (2000) | (2520) | (1974) | (2390) | (1845) | (2338) | (1507) | (2026) | 
a 5 2460 3000 2 100 2 730 1950 2520 | 1950 2 340 
z (2.130) | (2598) | (1819) | (2364) | (1689) | (2182)| (1689) | (2026) 
6 2760 | 3270 2 O10" = 3.270 2 340 2 670 2 370 2760 | 
(2390) | (2832) | (2812) | (2832) | (2026)| (2312)| (2052) | (2390) | 
7 Wss00) ©2430 42710 | 2310 1860 | 2070 1 650 2100 
(1 585) | (2104) | (2347) | (2000) | (1611) | (1793) | (1429) | (1819) 
| 


The mean yalues are : 


4 er 
25 No. I sleeper No. I sleeper For both. | 
5 as = | 
= | 
Se : t ing . | turning . turning 
“ tightened at ayes tightened at | ee st | tightened at eee | 
o ~ | | 
S ee =. SO ST 
le kgr.|cm. | in/Ib. | kgr./em. | ind. | kerfom. | in./Ib ker,/om. | in /Jb. | ker./om. | in./lb. | kar /om. in./\b 
i | | | ! 
1 4 800 | 1 558 | 2 100 | 4 8419 | 4 880 | 1 628 | 2 090 | 4 810 | 1 840 | 1 593 | 2 100 | 1 819 
z 4 910 | 4:654 | 2 440 } 2443 1940 | 4 680 | 2 440 | 2 O87 | 1 980 | 41 671 | 2 430 | 2 104 | 
3 2 060 | 1 784 | 3 320 | 2.875 | 2 0380 | 4 758 | 2860 | 2477 2 050 ya TS | 3.090 2 676 | 
4 4 980 | 4 715 | 2.900 | 2514 | 2 120 | 4 836 | 2 680 | 2 324 | 2 060 | 4.775 | 2790 | 2 416 | 
5 2 200 | 1 905 | 3 110 | 2 693 | 2 120 | 1 836 | 2 650 | 2 295 | 21460 | 1 874 | 2 820 | 2 492 | 
6 2.420 | 2 096 | 2 920 | 2 529 | 2.540 | 2 200 2 990 | 2.589 | 2 480 | 2 148 | 2 960 | 2 563 | 
7 2 030 | 1 758 | 2 690 | 2 330 | 1 760 | 1 524 | 2 230 | 4 931 4 900 | 4 645 | 2 460 | 2 130 
| | | i i 


Fie. 


{ 
L.-J” sénie____i__2* série___| 3 senie__|___ 4 serie 
’ ‘ ‘ t 


Fig. 6. 


As regards their resistance to turning 
loose in the holes, the average values gave 
the following classification 


Large sharp thread; 
Double wide-pitch thread; 
Single wide-pitch thread ; 
Large blunt thread; 
Netherlands Rys.’ thread; 
Reichsbahn thread; 
L. N. E. R. thread. 


The test had shown that coachscrews 
with large sharp threads could not be 
used, as in driving them into the sleepers 
too much of the wood was cut away. This 
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30. 


20 


Or 


type of thread therefore cannot be con- 
sidered. 

The next is the double wide-pitched 
thread which gives an average value 20 % 
higher than that of the Netherlands Rail- 
ways; the trials having been carried on, 
this thread retained its position. 

Tests had to be made, however, to see 
that its resistance to being pulled out had 
not been reduced too much. 


A tensile test was then made. The 
sleeper was fastened to the lower table 
of the testing machine (fig. 7), the top 
jaw on the moveable upper table gripping 
the head of the coach screw. When the 
load was applied, the top table did not 
move until the force was sufficient to 
tear out the screw, this load being read 
on the gauge on the right of the machine 
(fig. 8). 
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As was expected, the force required to 
pull out the screw with the new thread 
was lower (11 % less). This drawback, 
however, was counterbalanced to a large 
extent by the greater force required to 
strip the threads in the sleeper. 

The pulling-out resistance has been 
adequate all along, and seeing thin slee- 
pers will no longer be used, it will be 
possible to use longer coachscrews which 
will make good the said reduction and in 
addition increase the force required to 
strip the threads. 


a 


Pulling out resistance. 
coneiserer Beep io 
fore (double wide 
ehieaans pitch thread). 
ao en DN pect | ek oa de St 
Ie See Me | ee ey ae 
3060 | 6746 | 2680 | 5908 
2 960 6 525 2 820 | 6217 | 
9780 |)» 628 2350 | 5180 
2 620 5 176 5960 | 6570. | 
2 980 6 570 2660 | 5864 | 
2900 | 6393 2 260 | 4+ 982 | 
i SesS0n oN 7 892 3 220 | 7 099 
3.500 7 716 271008 =\0 5 952 
3440 | 97584 2920 | 6437 | 
lases0e 14 vital 3040 | 6701 | 
Average. Average. | 
6091 


3 120 | Os 


7S iss | 


The result of the enquiry is firstly 
that the coachscrews must be tightened 
with spanners having arms not exceed- 
ing 45 cm. (17 11/16”) in length as a 
whole, and secondly that the chairs be 
screwed to pine sleepers with double- 
thread wide-pitch coachscrews. We may 
now expect freedom from coachscrews 
which turn loose in their holes, 
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Something should still be said about 
the way defective holes in sleepers were 
repaired. 

As it is unusual for all the four coach- 
screws holding down a chair to turn loose 
in their holes, a method of repairing 
them without removing the chair was 
looked for. After several trials the foll- 
owing process was selected : 

First of all the wood ferrule was with- 
drawn from its seat by a kind of cork- 
screw, illustrated in figure 9. The dam- 
aged hole was then opened out with a 
24-mm. (15/46”) drill. 

A cylindrical sleeve in hard wood was 
then driven into the chair with the steel 
drift shown in figure 10. So that the 
sleeve can be driven without splitting it, 
it is screwed unto the end of the conical 
threaded drift, and consequently is held 
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30-amp. 240-volt generator, on a 9-wheel- 
ed truck which can be moved along the 
track. : 

Each set has in addition an electric 
drill and an electric coachscrew driver. 
The cable connecting the generating sel 
to the drill and coachscrew driver 1s 


Se ege8 
€:0°9:0°9 0 


Fio. 9. 


Fic, 8. 


over its whole length. Once the sleeve is 
driven home, the drift is withdrawn. A 
new hard-wood ferrule is then inserted 
into the hole in the chair and the coach- 
screw is then screwed home. If the old 


40 m. (134’) long, so that four 18-m. 
(59° 5/8”) rails can be dealt with without 
moving the set. 

On finishing one length the next 40-m. 
length is taken in hand. In this way 600 


coachscrew is not too long, and its thread 
not rusted away, it can be used again. 
As the number of holes was too great 
to be repaired by hand, a few electrically- 
driven plants were obtained, each set 
consisting of a.petrol engine driving a 


to 800 holes can be repaired per day. 

Whilst carrying out this work it was 
found uneconomical to repair the holes 
mechanically if less than 15 % of the 
total number were damaged, i. e. manual 
work was found cheaper. 


[ G21. 133 (01, G28. 14 OL & 628. 22] 


The relation between track and rolling stock. “ 


A discussion of the trends in track construction and the effects thereon 
of locomotive and car design, 


by Dr. Arthur N. TALBOT, 
Professor Emeritus, University of Illinois, and Chairman, Joint Committee on Stresses in Railroad Track 
of the American Railway Engineering Association and the American Society of Civil Engineers. 


(Railway Age.) 


Track is a flexible and elastic struc- 
ture. Under the loads of locomotive and 
car wheels the rail bends, the wood of 
the tie under the tie plate compresses 
and there is bending lengthwise of the 
tie, the ballast and roadbed under and 


between ties compress so that in addi- 
tion to movement due to the play or 
free space between tie and rail there is 
a downward movement of the rail which 
is called the rail depression (an impor- 
tant element in the analytical treatment 


Test party and train crew conducting test with electric locomotives. 
Dr. Talbot is the third man from the left. 


of the problem). The « rail depression » 
at some distance from the nearest wheel 
may be upward (negative), giving rise 
to the common expression « wave mo- 


(*) A paper prepared for presentation be- 
fore a joint meeting of the Western Railway 
Club and the American Railway Engineering 
Association at Chicago on March 17, 1937. 
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tion ». The unloaded rail quickly rises 
to its original position — the whole 
structure in good track is « elastic », for 
very many applications of load are re- 
quired to give appreciable permanent 
depression to the track. 

The Stresses in Track investigation, in 
its first report, developed a mathemati- 
cal analysis for calculating the stresses 
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in the rail and depressions of the rail 
at points at and near the wheel loads 
which may be applied to any given 
grouping and spacing of the wheel loads 
of a locomotive or coupled cars for 
given conditions of the stiffness of that 
part of the track structure below the 
rail, as measured by the « modulus of 
elasticity of rail support ». Under 
assumed conditions of track and load- 
ing the stresses and depressions calcu- 
lated by means of this analysis are 
known to be substantially correct. The 
interpretation of analyses and tests have 
resulted in many findings of interest and 
value. Some of them will be mentioned 
in what must be a hap-hazard and in- 
complete way. 


So far as stresses in rail are con- 
cerned, one important fact was early 
established —- that the maximum bend- 
ing stresses in rail under the loads of 
closely spaced wheels (like the driving 
wheels of a Mikado locomotive or the 
truck wheels of two closely coupled 
freight cars) are considerably less than 
the stresses that would be produced by 
a single wheel load like that of a 
trailer that is well away from another 
wheel. Please remember, however, that 
this decrease applies only to the so- 
called bending stresses. The bearing 
stresses in the rail under the wheel 
(stresses which are related to the stresses 
tending to develop transverse fissures) 
are not particularly affected by this re- 
duction in bending effects, and these 
bearing load effects tend to control or 
limit the maximum desirable wheel load. 
It may be remarked that in other ways 
too the ordinary bending stresses in the 
rail under steady vertical pressures may 
not govern the limiting wheel loads for 
good track. 


Depression of rail and stiffness 
of rail support. 


A property of track which has not 
received adequate attention in discus- 
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sions is the stiffness of the rail sup- 
port; that is, its resistance to depression 
or downward movement under the 
application of loads on the rail. This 
property and the shape of the depres- 
sion curve throughout the length of the 
locomotive and under and between the 
trucks of cars, as determined by the 
magnitude of the wheel loads and their 
spacing along the track, tell an im- 
portant story of the way in which the 
track has received the load and the pos- 
sible punishments that may be applied to 
it, and may suggest or reflect the react- 
ing relation on the rolling stock above it. 


The magnitude of this depression of 
the rail support is not large on the best 
track — is not even as great as it appears 
to the ordinary eye as the train goes by. 
Disregarding the play between rail and 
tie and taking only the net lowering pro- 
duced by the loads of an ordinary Mi- 
kado locomotive, the rail will depress 
say 1/8 inch on a very stiffly built rail 
support (tie plates, ties, ballast and 
roadbed) (modulus of 4000), and simi- 
larly it may depress 1/4-inch on an or- 
dinarily well ballasted and well kept 
track (modulus of 2000), though of 
course on a loosely ballasted and poorly 
maintained track the depression may be 
1/2 inch or even considerably more. 


It has been found that the maximum 
depression made by a group of closely 
spaced wheels is dependent almost solely 
upon the stiffness modulus of the rail 
support. Doubling the modulus of elas- 
ticity of rail support will halve the 
amount of the maximum depression. The 
stiffness of the rail or the size of its sec- 
tion has little effect on the magnitude of 
the depression of the closely spaced 
group of wheels. It will have an effect 
on the depression at a lone wheel such 
as the trailer, which by itself gives an 
undesirable form of depression curve, 
but this may be ironed out very advan- 


tageously when a two-axle trailer truck 
is used. 


The shape of the curve of depression 
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may be said then to be dependent upon 
the stiffness referred to and to the spac- 
ing and grouping of the wheel loads. A 
grouping of wheels and the spacings 
might be chosen that would form a 
smooth regular depression from the first 
wheel to the last of a group, or they may 
produce a series of ups and downs along 
the rail. An approach to the smoothened 
curve, which may be obtained by suit- 
able wheel spacing in many cases, will 
be advantageous. It is apparent that the 
destructive effect of the load on the rail 
support (effect on the integrity of the 
tie and ballast as evidenced by necessary 
track maintenance) will depend in some 
measure on the amount or magnitude of 
the up-and-down movement within this 
structure as each wheel or each group 
of wheels passes by. The shape of the 
depression curve (as well as its depth) 
may possibly affect the tractive resis- 
tance somewhat. Other things being 
equal, then, the greater the stiffness of 
the rail support, the less the maintenance 
charges caused by traffic. Solid road- 
bed, thoroughly compacted ballast, and 
substantial ties, all put into best line 
and surface, will contribute to low cost 
maintenance. 


Value of heavy rail. 


Much interest has been taken by main- 
tenance engineers and executives in the 
value of increased rail section, heavier 
rails. What is the source of the advan- 
tages of heavier rail? For substantial 
and well-kept track substructure (still 
using this expression for ties, ballast and 
roadbed), a section of rail will be reach- 
ed when the bending stresses in the 
rail are reasonably moderate in magni- 
tude for carrying well designed and 
well maintained rolling stock. I can 
not take time to discuss the numerical 
value of these stresses but they are rea- 
sonably moderate for medium weights of 
rail under the conditions named. It is 
true also that the maximum rail deflec- 
tions along the group of closely spaced 
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wheels in an ordinary freight train are 
little affected by increasing the weight 
of rail, though an accompanying increase 
in the stiffness of the substructure made 
at the same time itself will decrease the 
maximum rail depression approxima- 
tely inversely to the relative stiffnesses 
of the supports before and after. So 
far as I know, little study has been 
given to the relation between size of rail 
and the magnitude of bearing stresses on 
the head of the rail, but between mo- 
derate weight and heaviest rails there is 
probably little difference. Nor do I know 
of definite and adequate statistics on the 
rate of wear of rail for different sizes. 
With the multiplicity of variation in 
form of worn wheel treads passing over 
rails of different sizes and ages, an ans- 
wer to such questions can hardly be ex- 
pected. Some of the efforts to evaluate 
the reduction in tractive resistance and 
the lessened cost of maintenance with 
increase in rail section are not con- 
vincing. 

And yet heavy rail must present an ad- 
vantage to both track and rolling stock. 
One gain not often mentioned is that 
added stiffness gives greater ability to 
carry loads over short soft spots without 
undue deflection or permanent bend- 
ing of the rail, at places where the weak- 
ness in the substructure may not be 
apparent. Heavier rail will better resist ~ 
without so much permanent deformation 
the lateral impacts and those extra loads 
and blows that come rather frequently 
from poorly designed or poorly main- 
tained rolling stock, perhaps of unknown 
or accidental character. Much of the 
advantage of heavy rail must be based 
on a number of such resistances and 
safeguards. ' 


Heavy rail is not a panacea for inade- 
quate substructure. To obtain the full 
gain from an investment in heavy rail, 
the rail support must be correspon- 
dingly substantial — closely spaced solid 
ties, full ballasted and well maintained 
substructure. The same care, too, must 
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be taken to secure uniform smoothness 
and stiffness along the length of the 
track. 

How to evaluate the economy of heavy 
rail is a baffling question. An attempt 
to solve it by mathematical methods in 
the present state of our knowledge in- 
volves assumptions and uncertainties and 
deficiencies in knowledge. Especially 
must there be difficulties and uncertain- 
ties in making a choice of coefficients 
to translate it into reliable money estim- 
ates. A conclusion based on mathema- 
tical assumptions (direct or implied) is 
likely to carry with it implications of 
certainty not warranted by the nature 
of the available data or by the accuracy 
of the assumptions. It can hardly be 
said to be something on which a heavy 
investment may be based with any con- 
fidence. Definite experience and ob- 
servation on the results obtained with 


increased size of rail, both with and 
without an accompanying improvement 
in substructure, are greatly needed. With 
only the information 


available at the 


Using a thermocouple and a potentiometer to 
measure rail temperatures on continuously 
welded rail. 
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present time, it may be better to rely 
on the direct judgment of an experienced 
man who can sense needs of the si- 
tuation. 


Smoothness vs. variability of surface. 


In maintenance work the trackman 
leaves the surface and line in excellent 


Test 


party preparing stremmatographs to 
measure rail stresses in a test run. 


appearance. I have full admiration for 
the work of the trackman; he does a 
good job so far as he can see, but he can 
not see the condition between rail and 
tie or under the ties. Unfortunately, what 
seems a perfect surface in an unloaded 
state may in the loaded state be made up 
of uneven supports, reacting variably, 
so that the effect is that of ups and 
downs from tie to tie while the train 
loads are applied. The action of traffic 
may soon give permanent depression to 
the poorly supported ties. Under re- 
peated application of the loads of loco- 
motives and cars the depression of the 
rail becomes irregular from tie to tie. 
Even seemingly small variations in the 
adzing of a tie will easily give a twist 
to the rail and change the position of 
the application of the reaction between 
rail and tie. The consequence is that 
the load taken by adjacent ties as the 
wheel moves along, especially with a 
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heavy rail, may vary from zero to two 
or three times the average tie load; the 
track is in effect made up of relatively 
soft and hard spots; instead of being 
smooth, the track supports may be rela- 
tively rough; unduly high and _ unex- 
pected stresses are applied to rail, tie 
and ballast; maintenance damage is in- 
creased by both the excessive vertical 
_loads and the lateral loads thereby ap- 
plied. ] 

Further, and this is important for high 
speeds, the variability in the supports 
is not only from tie to tie — it occurs 
from spot to spot a few feet or a hun- 
dred feet apart. A track that may serve 
for freight trains at 30 m.p.h. will be 
unsatisfactory at 60 m.p.h. and more so 
for a passenger train at 90 m.p.h. or 
faster. The movements of car springs 
and car bodies at high speeds will neces- 
sarily catch the variations in track at 
longer distances apart, and uniformity 
of surface over longer stretches be- 
comes increasingly essential to smooth 
action as speed increases. It is obvious 
that the higher the speed the greater the 
disadvantages caused by variability from 
one point in track to another. 

It should be added that these undesir- 
able variations in track surface when 
loaded are relatively greater for stiff 


Laboratory set-up to find stresses in various 
parts of rails and joint bars under various 
loads. 
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rail-support than for the less stiff sup- 
port found in less stiffly ballasted track. 
A variation from point to point of 0.10 
inch is far more damaging with an 
average rail depression under load of 
0.10 inch than when the average rail 
depression under the same load is 0.25 
inch. In other words, on stiffly support- 
ed track (that built for heavy and fast 
traffic) the effect of variation in stiffness 
and in variable play between rail and 
tie bed is very large. This means that 
even greater care to secure uniform sup- 
port and to avoid the variabilities found 
by the tests should be used in the main- 
tenance work on heavy traffic track. 

Let me express the view then that one 
of the findings of the tests is that the 
appearance of the rail surface in an un- 
loaded state is far from being an indica- 
tion of the uniformity and smoothness of 
the supporting structure while loaded 
and that this unseen variability is an 
unsuspected source of the lack of smooth- 
ness in track. One of the great needs is 
an improvement in the work of tamping 
track to insure better uniformity and 
smoothness of rail support over greater 
distances. The man who will devise a 
ready way of measuring track stiffness 
and its variability and of regulating the 
tamping well toward uniformity will 
make a real contribution to track excel- 
lence. With machine tamping, there is 
no indication that uniformity has been 
much improved. I want to suggest that 
track engineers should bend their efforts 
to securing an improvement in unifor- 
mity of rail support. The heavier the 
rail and the stiffer the substructure the 
greater the need. Success will be worth 
the effort. Perfection can not be ex- 
pected but improvement is possible. And 
after all, careful and adequate mainte- 
nance work remains a desideratum in 
the upkeep of track. 

At the risk of some repetition, let me 
say that the use of stiffer substructure 
(ties, ballast and roadbed) built for the 
purpose of carrying heavy traffic a lon- 
ger time without extensive maintenance 
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charges carries with it to the manage- 
ment the obligation to construct and 
maintain a uniformly smooth track 
(smooth while loaded), free from the 
variabilities heretofore referred to. This 
requirement is needed to ensure modera- 
tion in train equipment maintenance and 
smoothness of train operation, as well 
as to ensure a lessening in track main- 
tenance. 

The tests and studies made on the 
rail-joint problem have produced va- 
luable results. Among the advantages 
found may be mentioned that accruing 
to the joint through having an increase 
in the fishing height of the joint bar 
made available with the newer rail sec- 
tions. For the heavier rail sections the 
shape known as the symmetrical bar or 
near-symmetrical bar has been shown 
to have substantial advantages over the 
angle bar type, though for the lighter 
rails the advantage is not so marked, 
but for these lighter rails the informa- 
tion obtained has resulted in a much 
better design of the angle bar. A mo- 
derate bolt tension of 8 000 to 15000 Ib. 
is considered much better than a higher 
tension. A still lower bolt tension is not 
particularly objectionable in a well-fit- 
ting symmetrical bar, though it does re- 
duce the effectiveness of the angle bar 
materially. Excellence of fit between 
bar and rail (very close fit) is essential 
to proper joint action, resulting in smal- 
ler deflection, larger participation in 
carrying bending moment, smaller wear, 
and generally in lessened rail batter. 


Continuous welding of rail. 


The several stretches of track under 
observation on the Delaware & Hudson 
at Albany, N. Y., and Schenectady and 
Mechanicville, which have the rail ends 
welded to a continuous length of 1/2 
mile to 1 1/2 miles and the mile stretch 
of the Bessemer & Lake Erie at Pitts- 
burgh, Pa., have now passed through 
two to four winter seasons with appa- 
rently satisfactory results. The staff of 
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the Track Stress investigation has made 
observations and measurements in warm 
and cold weather to determine the tem- 
perature stresses developed along the 
length of stretches and the nature and 
extent of the rail anchorage developed at 
the end portions of the welded stretches. 


Track curvature. 


Curvature in alinement has always had ~ 
its difficulties. The change in direction 
of a locomotive as it goes around a 
curve, the pressure and wear on the 
outer rail to actuate this turning, and 
the reverse pressure on the inner rail 
at the pivoting point at or near one 
of the intermediate drivers act to put 
large strains and stresses in the rail, 
those caused by heavy locomotives hay- 
ing been found to be as great at 60 000 
lb. per sq. in., and doubtless there are 
correspondingly large stresses developed 
in the locomotive. By reason of limita- 
tions on the amount of super-elevation 
permissible, even the lighter curves may 
limit modern high train speeds (both 
passenger and freight), though of course 
it is true that a speed somewhat higher 
than the normal speed for the supereleva- 
tion used will give smoother motion for 
the faster trains, especially if suitable 
spirals are used to change from tangent 
to curve and back again. The introduc- 
tion of high speeds makes it extremely 
desirable to extend our knowledge of 
the relation between track and rolling 
stock for the benefit of the equipment, 
track maintenance, and train operation. 


Locomotive counterbalance. 


Improper locomotive counterbalance 
has long been a source of injury to track. 
The tests of the Track Stress investiga- 
tion and those of other agencies have un- 
covered many instances of seriously 
faulty counterbalance (either by over- 
sight or ignorance in design or unau- 
thorized changes made in repair shops), 
which have caused serious destructive 
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damage to rail and other parts of track. 
Increased weight of driving parts and 
the seeming need for larger dimensions 
which have increased the out-of-plane 
distances between rail and moving parts, 
together with large increases in oper- 
ating speeds have made the counter- 
balance problem a most important one, 
especially when locomotives have been 
used at speeds well beyond those for 
which they were designed. Buying hea- 
vier rail does not seem a satisfactory 
solution for such ills. Fortunately, im- 
provements in design, high-strength ma- 
terials, larger driving wheels and better 
opportunity for placing counter-weights, 
lessened allowance for reciprocating 
parts and adequate cross balancing have 
made it possible to equip locomotives 
with counterbalance that will apply only 
a reasonable increase in load on the 
rail, even at the higher operating speeds. 
The advantages gained extend also to 
the maintenance of the locomotive itself. 


Lateral oscillation. 


But the out-of-balance of rotating and 
reciprocating parts is not the only source 
in increasing the load on rail at the 
higher speeds. Electric locomotives as 
well as steam locomotives are subject to 
transverse oscillatory or vibratory mo- 
vements, front and back (the periodicity 


Six magnetic strain gages to find stresses in 
joint bars at speeds up to 90 miles per hour. 
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of the vibration depending upon the di- 
mensions and design or the locomotive 
and not upon speed). This pendulum- 
like oscillation may be started by rough- 
nesses in the track (slight roughness or 
variability if the speed is high), by going 
on or coming from a curve, or by some 
action of the locomotive itself. It is well 
established that a transverse or lateral 
pressure of a wheel on a rail results in 
an increase in vertical pressure or load 
applied to a rail by one wheel and in 
a decrease in the load applied by the 
other wheel on the same axle. Lateral 
pressures on the rail observed in tests, 
due to these oscillations on straight 
track, have been extremely large, almost 
unbelievably great, high enough to move 
highest-grade track laterally well out of 
line. Corresponding transfers of ver- 
tical loads from one wheel to the other 
wheel of the same axle may likewise 
greatly increase the vertical load ap- 
plied to one rail. Such an extreme case 
is cited to show difficulties that arise 
in the use of very high speeds. 


Conditions of rolling stock. 


Then there are many mooted questions 
about rolling stock in general — its de- 
sign, its upkeep, its liability to get out 
of order. Why do individual wheels 
of heavily loaded freight cars in ordi- 
nary service sometimes show rail stresses 
equivalent to those of a wheel load of 
60000 Ib. when another wheel of the 
same car gives corresponding wheel 
loads of 25000 Ib. at the same point in 
the track, as has been found by the test 
party of the Rails investigation on re- 
cular trains passing over ordinarily good 
track. What is the cause of such exces- 
sive loads? Again, is the standard con- 
ing of wheels conducive to unnecessarily 
large lateral motion, the wheel flanges 
first bumping against one rail and then 
the other, and how does the variably 
worn wheel tread influence this back 
and forth motion, either at low speeds 
or at high? Without going over the 
whole field, does it not seem evident that 
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there are many questions needing ans- 
wers that affect the influence of the 
design and condition of the rolling stock 
on the upkeep of the track, as well as 
questions on the effect of the construc- 
tion and upkeep of track on the design 
and operation of the rolling stock? Un- 
questionably there are interrelations be- 
tween track and rolling stock that merit 
adequate investigation. 

The matter of an investigation on the 
relation between locomotive and cars 
and the track and bridges is not a new 
question. Two of the later efforts may be 
referred to. In 1931 and again in 1934, 
acting on suggestions made by officials 
of the American Railway Association, a 
conference committee composed _ of 
representatives of the Committee of 
Stresses in Railroad Track of the 
A. R. E. A. and the Committee on Loco- 
motive Construction of the Mechanical 
division discussed the needs and advan- 
tages of such an investigation. 

Quoting in part from the second confe- 
rence report, « It has become evident to 
those engaged in the design and operation 
of railroad rolling stock and the con- 
struction and maintenance of track and 
bridges that there is great need of a 
thorough experimental investigation on 
the mutual or interacting causes and 
effects between the rolling stock and 
track, which would be expected to esta- 
blish basie principles and obtain perti- 
nent data on standard track with various 
forms of rolling stock and which would 
lead the way to improvements in rolling 
stock and track and to remedying exist- 
ing conditions now not fully satisfactory. 
Further, it is believed that the two in- 
strumentalities (the rolling stock and 
the track) should be kept in mind and 
hence that the investigation should be 
conducted jointly by representatives of 
the Engineering division and the Mech- 
anical division ». 

Topics named included counterba- 
lance, matters of wheel loads and wheel 
spacing, oscillating characteristics of 
locomotives and cars, wear of wheels, 
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characteristics of springs and their rela- 
tion to track and rolling stock, distribu- 
tion of load among wheels, prevention 
of excess load on individual wheels, and 
periodic vibration of cars, all having a 
relation both to the track and to the 
car or locomotive. Reference was made 
to the bridge engineers who have been 
urging the need for information on the 
characteristics of modern American lo- 
comotives on bridges of different lengths 
and types. 

To quote again, « The effort should 
be made to establish principles and me- 
thods on the interrelation of the loco- 
motives and the cars and the track as 
affecting pressures and stresses in the 
rail, ties and ballast and bridges and 
also the reaction effects on the various 
parts of the locomotive and cars in so 
far as these affect design, construction 
and maintenance ». Expressing the be- 
lief that an investigation would result 
in information of value to the railroads 
many times greater than the expenditure 
involved, the conference committee re- 
port outlined methods of conducting 
the investigation, made a preliminary 
estimate of the expenditures necessary, 
and recommended that the American 
Railway Association be asked to autho- 
rize an investigation of the interrelation 
of rolling stock and track. 

I am told that both conference reports 
were looked upon with favor, but the 
times were not auspicious for the rail- 
roads to go into such an undertaking. 
Perhaps the time is not yet ripe for mak- 
ing a new effort to start this needed re- 
search. However, may we not expect 
(or at least hope) that in the not too 
distant future such an important re- 
search problem will be undertaken un- 
der the support of the Association of 
American Railroads. And may we not 
believe that whole-hearted cooperation 
between the Engineering division and 
the Mechanical division in both the in- 
vestigation and the mutual utilization of 
its fruits in their work will be a great 
gain for the American railroads. 


[ 628. 144.4 (.42) & 628. 172 (.42) ] 


Measured shovel packing, 
London Midland and Scottish Railway. 


A development designed to minimise the risk of error in shovel packing. 


(The Railway Gazette.) 


Although the shovel packing: of slee- 
pers, inaugurated on the old L.N.W.R. 
in 1908, has been in use on many rail- 
ways for several years, it was left to 
the engineers of the Northern Railway 
of France to devise a method of measur- 
ing by mechanical means the amount of 
chippings required to take out a known 
amount of slack. Previously the expe- 
rience of the permanent way men was 
relied upon to judge the quantity of 
chippings required; but, in measured 


Sighting boards on rail ready f or use, set closer than necessary 


to secure picture. 


L. M. S. R. method is accomplished in 
three steps. First the sag or dip in the 
track is measured by the use of sighting 
boards placed upon the head of the rail. 
Secondly the depression of the sleepers 
under a train is recorded on a series of 


shovel packing, even the most inexpe- 
rienced of gangs can be certain of ac- 
curate packing. The objection of British 
engineers to the French method of mea- 
suring (*) was that it seemed too elabo- 
rate to work well elsewhere. A simpli- 
fied method is practised on the Buenos 
Ayres & Pacific Railway (**) and re- 
cently another modified system has been 
successfully adopted by the London Mid- 
land & Scottish Railway. 


Measured shovel packing by _ the 


Part of intermediate 
sighting board, showing 
adjustment and scale. 


vyoidmeters; and thirdly the requisite 
amount of chippings determined in the 
first two steps is spread under the 
sleepers. 

To measure the extent to which the 
track is out of level when no traffic is 


(*) Described in The Railway Gazette on July 3, 1931, p. 12,and April 17, 1936, p. 736; 
and in The Railway Engineer of April, 1932, p. 156. 
(**) The Railway Gazette of May 1, 1936, p. 864. 
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on it, a set of three special sighting 
boards or boning rods is used. These 
boards are fitted to short posts having 
clips at the bases so that they are rea- 
dily fixed on the top of the rail. One 
board is provided with a slit at the level 


of the eye of a man sitting on the rail; — 


the second or intermediate board is 
painted half yellow and half black with 
a vertical division between these colours 
running down the centre of the board. 
The post of this intermediate board is 
adjustable in height and provided with 
a scale so that the amount of extension 
required to bring the top of the board 
level with the eye-slit in the first board 
is readily determined. The third board 
is painted with the face divided into 
four spaces to present a chequered ap- 
pearance of four rectangles, the yellow 
and black colours being divided verti- 
cally down the centre and horizontally 
across the board at the same level as the 
eye-slit of the first board. All three 
sighting boards are fitted with spirit 
levels to ensure that they stand perfectly 
vertical when clipped to the rail. 

The ganger sights along the rail in the 
usual way and locates two high spots 
preferably not more than 120 ft. apart. 
The first or eye-slit sighting board is 
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then fixed at one high spot, and the 
third or target chequered board at the 
other. The second board is then placed 
on the rail over a sleeper intermediate 
between the high spots. The height of 
this board is then adjusted until the top 
is level with the eye-slit and the hori- 
zontal dividing line between the checks 
on the board most distant from the ob- 
server. The number of divisions revealed 
on the scale of the intermediate board 
when it has been raised is then read 
off and the figure chalked on the sleeper 
immediately below this board. The inter- 
mediate board is then moved over the 
other sleepers until the amount of 
« static » slack for all the sleepers be- 
tween the high spots has been deter- 
mined. This process is then repeated 
along the other running rail between the 
same high spots. 

The permanent way gang is supplied 
with a dozen « yoidmeters » for measur- 
ing the depression under the passage of 
a train. Steel bars some 18 inches in 
length are driven into the ballast about 
3 inches from the side of each sleeper 
and one inch outward from the end of 
the chair. To each of these bars a void- 
meter is clamped at such a height that 
the bottom of the turned-down end of 


Voidmeter set ready for use, 
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the spring-loaded pointer is in contact 
with the top of the sleeper and the poin- 
ter exactly on one of the lower divisions 
on the scale. The second or loose pointer 
is then pushed down so that the pro- 
jecting pin on it lies on the top of the 
spring pointer. Passing traffic depresses 
the sleepers and, with the set of 12 void- 
meters, generally six on each side of the 
track at a time, the tails of the spring 
pointers in contact with the sleepers 
move with them, pushing up the upper 
or friction pointers. Thus, after a train 
has passed, the two pointers are separ- 
ated by a distance having a fixed rela- 
tion to the depression of the sleepers. 
The number of divisions on the scales 
by which the pointers on each vyoid- 
meter are separated is then read off and 
the figures chalked on the sleepers. 


The sum of the figures obtained for 
each sleeper by these static and dynamic 
measurements determines the number of 
canisters of chippings required to be 
spread under each sleeper to take out 
both the depression in the « top » and 
the void which allowed it to sink under 
the wheel load. 

Particular care is taken in using the 
voidmeters to see that the bars driven 
into the ballast are reasonably firm so 
that they will not be moved by the re- 
sistance of the pointer spring when traf- 
fic is passing. The friction pointer is 
adjusted so as to be just stiff enough 
in its movement to follow the spring- 
loaded pointer and remain. at its high- 
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est position. A small thumb nut is used 
for adjustment. A modified type of 
voidmeter, illustrated overleaf, has re- 
cently been evolved and has the advan- 
tage, over the original design, of smaller 
size, and that the scale is easier to read 
and multiplies the sleeper movement by 
four. 


If the size of the gang permits, the 
sighting and voidmeter measurements 
are taken by separate parties, and, under 
the same conditions, the packing is done 
by more than one man. In using this 
method of packing, as with any other, 
no slack more than one inch combined is 
tackled at one time, and it is better to 
keep to half that figure as a maximum 
and to run over the section again with 
voidmeters and sighting boards a week 
or two later. 

It is obviously important that the pro- 
per size of chippings be used and the 
size of the canister used on the L.M.S.R. 
has been based on the use of 1/4-inch 
minimum to 1/2-inch maximum granite 
chippings evenly spread over 15 inches 
on each side of the rail and completely 
covering the width of the sleeper for 
that distance. The canister, 3 1/2 inches 
internal diameter and 4 7/8 inches high 
is made of 20 S.W.G. lead-covered sheet 
iron spot-welded. To make this canister 
a measure for 10 inches as well as 
12 inches wide sleepers, short slits are 
cut 7/8 inch down from the top; for 
the narrower sleepers it is filled only up 
to the level of these slits, and for wider 


Voidmeters set on sleepers (actually they are usually placed on alternate sleepers). 
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Left : Chips canister, filled up to slit for 10-in., and full for 12-in. sleepers, 
Right : Inserting chippings under the jacked-up sleepers. 


Latest type of voidmeter with 4 to 1 scale. 


or joint sleepers it is filled flush with 
the top. The divisions on the scales of 
both the voidmeters and the intermediate 
sighting board are in units of canisters of 


chips and they do not necessarily re- 
present a slack measured in inches, al- 
though on the L. M. S. R. each division 
on the scale represents 1/16 in. of slack. 

The actual chip packing must be done 
by spreading, the track being lifted with 
a jack designed to fit snugly below the 
top of the rail and capable of instanta- 
neous release on the approach of a train. 
The track is raised just sufficiently to 
permit the clear passage of the packing 
shovel with its charge under the sleeper. 
On the L. M. S. the ballast is removed 
from between every alternate pair of 
sleepers, and the chippings are spread 
from one side only of each sleeper, a 
special goose-neck shaped shovel hav- 
ing a flat blade 6 1/2 inches wide and 
8 inches long being used. Care is al- 
ways taken to ensure that all chair 
screws and other fastenings are quite 
tight before taking the measurements for 
shovel packing. 


{621.45 & 621. 8] 


Five-speed Mylius gearbox 


with simple controls and double-end drive for powerful railcars. 


(Diesel Railway Traction, 


Since the Mylius mechanical transmis- 
sion was first applied to a petrol rail- 
car in Holland 13 years ago it has grown 
steadily in popularity, until fhere are 
now about 750 sets in railway service, 
transmitting the torque of engines va- 
rying in output from 65 to 350 B.4H.P. 
These Mylius drives are of various types, 
some being bogie-mounted, others un- 
derframe-mounted with 
bogie axles, and others underframe- 
mounted with drives to rigid axles. The 
latest type has been evolved for appli- 
eation to big railcar engines of 400 to 
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supplement to The Railway Gazette.) 


000 B.H.P., and in addition to the size, 
there is another distinctive feature in 
the double-way drive, allowing two axles 
of a bogie to be driven whether the 
power-transmission unit is mounted on 
that bogie or on the underframe or on 
a subframe beneath the car body. The 
same box can be arranged for single-end 
drive only if this is desired. 


Compact design for large box. 


This latest type of box, with the My- 
classification, 


lius Gw is shown in the 
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Illustrations: The Railway Gazette. 


Details of Mylius Gw type gearbox and selection levers. 
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Sectional arrangement of the latest Mylius five-speed gearbox. 


NOVEMBER 1937 


accompanying sectional drawing and, in 
position, in the bogie layout diagram. It 
is in use already in Germany and France. 
The main clutch is of the multi-plate 
pattern, and is disengaged by an air- 
operated rubber diaphragm; engagement 
is effected by eight coil spring sets proy- 
ided at the outer end of the clutch. In 
order to ensure a more compact design, 
as well as easy adjustment, replacement, 
and inspection, the clutch is mounted 
close to the gearbox on the side oppo- 
site to the engine, so that a direct shaft J 
is provided through the gearbox in con- 
necting the main clutch with the engine 
flywheel, and is surrounded by a hollow 
gear carrying shaft Ja. 

The five-speed double-end drive gear- 
box has a total of four shafts, J, JJ and 
III being arranged in a horizontal line, 
and shaft IV being located underneath 
between shafts IJ and I/J. The shafts I 
and J/ carry four trains of constant-mesh 
gears, but only two trains are carried on 
each of the remaining shafts. The 
wheels 7, 3, 6, 9 and 10 are keyed to 
their shafts, but wheels 2, 4, 5, 8 and 11 
are free to slide and are provided with 
a half-claw clutch on the right side and 
a synchronising cone clutch on the left 
side. 


Pre-selection. 


Gear changing is effected pneuma- 
tically through the medium of the cy- 
linder Z fixed on the fop of the 
gearbox. The driver pre-selects any 
speed desired, either mechanically by 
turning a handle which, by means of 
steel cables, actuates the pinion X, or, 
with cars running in multiple-unit, by 
means of electrically-controlled air cy- 
linders fixed on the top of the gearbox. 
In order to effect a gear change the 
pinion X is turned and rotates the shaft 
M until the projection R on the loose 
right drum O opposes the face of which- 
ever one of the gear shifting fork rods 
A, B, C, D, or E has to be actuated. This 
spans the spiral springs Y in the second 
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drum P, which cannot move as the cor- 
responding projection Q is pressed 
against the shifting rod of the gear in 
operation. The gear change is effected 
by admitting compressed air to the rub- 
ber diaphragm of the main clutch, which 
thus becomes disengaged, and also by ac- 
tuating the piston of the cylinder Z, thus 
moving the shaft M to the right against 
the pressure of spring W, and disengag- 
ing by means of the finger V and the 
rocking cradle U the hitherto engaged 
gear. 

By a further movement of the shaft M 
the projection R pulls the shifting rod of 
the pre-selected gear, thus engaging its 
cone clutch with the corresponding face 
on the fixed wheel and thus causing the 
loose wheel to run at the speed of the 
shaft, which now is driven from the 
car wheels. Meanwhile, projection Q on 
drum P has slid away from its obstruc- 
tion and is turned by its springs Y, 
spanned when pre-selecting, so as to face 
the rod of the gear to be engaged. If 
the air is now released from cylinder Z, 
the spring W will pull the shaft M back 
to the left, which will at first disengage 
the synchronising cone clutch and then 
engage the claw clutch, an easy engage- 
ment of which is ensured by the fact 
that as the loose wheel after synchroni- 
sation gradually tends to assume a dif- 
ferent speed, as against the fixed wheel, 
slipping in of both clutch members is 
carried out easily with an _ entirely 
shockless engagement. 

After the pre-selected gear has been 
engaged, the main clutch is also applied 
in releasing the air from the diaphragm, 
a very soft engagement being effected at 
the driver’s will by the gradual release 
of the air pressure. This change of gears 
being completed, any other speed can 
be engaged by first pre-selecting it, and 
then admitting and releasing air pres- 
sure in the main clutch and operating 
cylinder, pre-selection of any gear being 
possible while the engaged gear is run- 
ning. 

Reversing is 


effected by engaging 
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either wheel 72 or 13 with the shait /V 
by means of claw clutches; these clutches 
are pneumatically operated by a double- 
piston cylinder, which can be actuated 
only with the car at rest. The shaft IV 
is provided with a differential gear, 14 
and 15, in order to eliminate any stress 
which may develop due to unequal dia- 
meter of the driving wheels. 
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Gear losses and efficiency. 


It has been found that most of the 
gear losses are due to squeezing oil from 
between the teeth for about one thou- 
sandth of a second. The gearbox is fitted 
with a small oil pump located inside the 
gearbox and driven from shaft J//; this 
sprays the oil from the sump through 
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a nozzle on to the gears at the point of 
engagement, thus effectively reducing 
the so-called oil splashing losses. The 
loose gear wheel bearings are lubricated 
through the hollow shafts and two sets 
of removable oil cleaners are provided. 
The engine oil and water cooler, as well 
as the brake air compressor, may be 
driven by a shaft connected to the driy- 
ing end of the main clutch. The gear 
ratios in the box illustrated are 4.83, 2.11, 
1.92, 1.37 and 1.02 to 1 including the 
reversing gear, while the weight of the 


eC 


Layout of an engine and Mylius gearbox of 400 B.H.P. on a railcar bogie. 


gearbox together with the main clutch 
is about 3000 Ib. 

Gear changing is performed by the 
driver in pre-selecting the gear to be 
engaged by means of a centrally-located 
handle on the control desk, engagement 
being performed by a simultaneous oper- 
ation of the engine throttle handle and 
a combined gear and main clutch oper- 
ating valve, both handles being at first 
pulled in slowing the engine down and 
admitting air to clutch and gear oper- 
ating cylinder, and then pushed back 
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350-B.H.P. Mylius five-speed gearbox with 


BULLETIN OF THE INT. RatLway ConGress ASSOCIATION 


2181. 


double-end drive; cover lifted back to show 


gear-changing rods. 


Outside view of Mylius five-speed gearbox 
and friction-type main elutch to transmit 
350 B.H.P. 


to increase the engine speed and release 
the air. This engages both the gear se- 
lected and the main clutch, the whole 
operation requiring 1 1/2 to 2 seconds. 
The gear wheels and shafts are made 
-of high-quality case-hardened alloy 
steel. The wear of the synchronising 
cone clutches, which when applied have 
only to deal with the gear to be engaged 
and the part of the main clutch attached 
to the gearbox, is very small. 

A high efficiency is ensured by the 
simple gear design, some 4 H.P. being Jost 
when running idle at a speed of 2000 
r.p.m., while the total efficiency of the 
type Gw gearbox is about 94 % in the 
first forward and 95 % in the first re- 
verse speed, increasing to 97 % and 
96 % with the second to fifth speed res- 
pectively; the losses at the axle drives 
are about 2 % of the power transmitted. 


Xi—8 


MISCELLANEOUS INFORMATION. 


[ 621. 335 (.73) & 624. 43 (.73) ] 


1. — 3600-B.H.P. diesel-electric locomotives for heavy passenger service 
Baltimore and Ohio Railroad. 


(Diesel Railway Traction, Supplement to The Railway Gazette). 


The Baltimore & Ohio Railroad, which al- 
ready operates on one of its subsidiary lines 
a 1800-B.u.P. square-ended diesel-electric 1o- 
comotive, has ordered two twin-unit stream- 
lined locomotives of 3600-B.H.P, from the 
Electro-Motive Company, and it is expected 
that these machines will make through runs 
between New York and Chicago via Washing- 
ton hauling heavy passenger trains such as 
the Capitol Limited. The B. & O. has running 
powers over the Pennsylvania line between 
New York and Washington, 

Each locomotive consists of two half units, 
each carried on two six-wheel bogies and each 
housing two 900-8.H.P, engines. The two units 
may be separated when required (e.g., for 
turning), but only the front unit will be ca- 
pable of use as a separate | 800-B.H.p. loco- 
motive for it contains all the controls, except 
one low-speed control system on the second 
unit for use during separated shunting move- 
ments. The controls lead from the driver’s 
cab through low-voltage battery current to 
relay contactors in the main control panel. 
These main contactors are operated through 
electro-pneumatic switches controlled by the 
driver and which vary the speed of the engine 
and also place the traction motors either in 
series or parallel grouping, the last step being 
arranged to shunt a portion of the traction 
motor fields in order to increase the speed of 
the motors. There are eight running posi- 
tions for the main engine beside the stop and 
idle position. All of these positions are avail- 
able for either forward or backward motion. 


Power equipment. 


Aft of the driving control room is the en- 
gine room, occupying the entire space between 
truck centres. The main engines, which are 


mounted directly on the underframe, comprise 
two Winton, 12-cylinder, vee two-stroke engi- 
nes, each of which is rated at 900-B.H.P at 
750 r.p.m. The 8-inch by 10-inch cylinders are 
provided with removable liners and have sepa- 
rate cylinder heads and inspection plates, so 
that any one may be worked on separately 
without interfering with the others. 

Each engine cooling system consists of a 
series of fin-tube radiators, a water circulat- 
ing pump, and air circulating fans for radia- 
tor cooling. The cooling radiators are arrang- 
ed in two long sections of coupled units hung 
parallel to the engines and supported by the 
underside of the roof. The water supply is 
taken from tanks located under the frame, 
which permits self-draining of the radiators 
during cold weather, Air is drawn into the 
engine room compartment through grilled 
openings and forced by means of large engine- 
driven fans through the radiators, After pass- 
ing through the radiators, the air . leaves | 
through a series of vents into an exhaust ma- 
nifold in the roof. 


For convenience in application two 330-gall. | 


fuel oil tanks are placed beneath the under-} 
frame. The tanks are directly connected to- 
gether. The water tanks have a capacity of 
approximately 1040 gall.; they are locate 
beneath the underframe and in addition to’ 
furnishing water for the engine cooling sys+ 
tems, also furnish the water for the heatined: 
boiler. 

Each 900-B.4.e. Winton engine drives 
700-kw, d.c. main generator through a flexi: 
ble coupling. The generator voltage varie: 
from 250 to a maximum of 750, and the fielc 
excitation is from a separate auxiliary gener 
ator mounted on the same shaft as the maii) 
generator. The field of the auxiliary gene 
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ator is excited by the battery at 64 volts and 
the output of the main generator is varied by 
the variations made in the voltage output of 
the auxiliary generator. The main oil engines 
are started by applying, through switch but- 
tons on the main control station, battery cur- 
rent to a special series starting winding in the 
field of the main generator. There is also a 
supplementary starting station located inside 
the engine room adjacent to the engine. An 
auxiliary diesel power plant is used to furnish 
current for the various auxiliaries, as well 
as for charging the storage batteries. The 
four batteries are the Exide 32-cell 450 am- 
pere-hours type; they supply electric current 
for engine starting, control operation and all 
auxiliaries such as the fuel pumps, motors for 
heating boiler, and locomotive lights. 

Behind the engine room the remainder of 
the cab is occupied by a Clarkson forced-cir- 
culation water-tube spiral-coil heating boiler 
and its extraneous equipment. This boiler 
contains six coils which rise spirally, the dia- 
meter of each spiral being less than the 
other so that a nest is formed in the centre 
where combustion occurs. The water and 
steam are forced from the coils into a steam 
separator which is a unit outside of the boiler 
itself. This boiler is oil fired and is designed 
for a safe working pressure of 255 lb. per 
sq. in. However, it will only be-operated at 
a pressure not exceeding 125 lb., the average 
train line pressure, 

The second half unit of each locomotive 
has the same internal arrangement as the 
first with the exception that the space occup- 
ied by the driving control room on the first 
section is used on the second unit for a toilet 
and wash room for the crew. The trucks are 
of the six-wheel type, equipped with roller 
bearings, and each truck carries two traction 
motors, each of which is geared to a pair of 
wheels and supported by a spring nose sus- 
pension. 


Braking apparatus is of the New York Air 
Brake Company’s type, and the locomotives 
have the General Railway Signal Company’s 
train control, the application being very simi- 
lar to that followed on steam locomotives 
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operating on the Baltimore division. The 
estimated weight of each half unit is 270 000 
lb. (120 Engl. tons), or 540000 Ib. (240 tons) 
per locomotive. The adhesion weight is about 
360 000 Ib. (160 tons), and the tractive effort 
90000 lb. at starting and 19200 Ib. at 
60 m.p.h. 


od 
* * 


On May 20th one of the new 3 600-B.n.P. 
diesel-electric locomotives of the Baltimore 
& Ohio Railroad described above made its 
first test run from Chicago to Washington, 
D. C. Pending delivery of the second po- 
wer-unit of the same type, the new loco- 
motive is hauling the streamlined Royal Blue 
train between New York and Washington. 
When the second unit is finished, the two will 
be transferred to work the Capitol Limited. 
By way of comparison, or possibly by way of 
an excuse, the B. & O. took its first locomo- 
tive, the Tom Thumb (built in 1829) out on 
to the line on May 25, and ran it at the head 
of the original directors’ car to meet the new 
machine at a point near Washington, and to- 
gether the two trains ran into Union Sta- 
tion. 

In addition to the particulars given above 
the following details are of interest. All 
the bogie assemblies are interchangeable. 
Their weight is approximately 47000 Ib. 
and their rigid wheelbase 14 ft. 1 in. The 
bogie frame and swing bolster are made of 
east steel, and the spring planks are of strain- 
relieved welded construction. The wheels 
themselves have a diameter of 36 inches, and 
are of high-carbon low-molybdenum rolled 
steel. They are mounted on three axles with 
6-inch by ll-inch journals. The cast steel 
Isothermos axleboxes are fitted with a spring- 
cushioned lateral thrust device, and their lin- 
ed bearings carry a maximum journal load 
of 21600 Ib. 

A new theory for the treatment of load sus- 
pension has resulted in improved riding qua- 
lities and greater steadiness when rounding 
curves at high speed. The bogie frame is sup- 
ported at four points on its equalisers by 
twin-group coil springs of silico-manganese 
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steel. The bolster is supported at each corner 
by a pair of chrome-vanadium elliptic springs, 
riding on two welded spring planks. These 
in their turn are carried by swing hangers 
pivoted from the outside of the bogie frame. 
Four hydraulic shock absorbers damp down 
lateral oscillation and ease the body load 
against the bogie frame when entering or leay- 
ing curves. 

The clasp brakes have two 18-inch shoes 
per wheel. They are actuated by four 11-inch 
dia. by 10-inch stroke cylinders equipped with 
automatic slack adjusters. When the air 
pressure in each cylinder is 50 Ib. per sq. in., 
the available retardation force approximates 
to 174 % of the locomotive tare weight. Both 
automatic and hand sanding apparatus are 
provided at the leading driving wheels of each 
truck. 


Control room and equipment. 


The driver is provided with an upholstered 
adjustable seat, and has a clear view of both 
sides of the approaching track through slant- 
ing windscreens of safety glass. These wind- 
ows are equipped against the elements by pa- 
tent wiper and hot air defroster devices. The 
side windows of the driving cab are of simi- 
lar type, having no-draught ventilators and 
adjustable windows, also made in safety glass. 
The auxiliary driver is also provided with a 
comfortable seat on the left-hand side of the 
driving cabin, and this window is also fitted 
with the afore-mentioned weather defeaters. 

The indicating and recording speedometer 
and the usual air gauges indicating brake 
control functions are indirectly illuminated. 
To the right of these instruments is situated 
the wheel-slip indicator, which flashes a warn- 
ing red light when any set of driving wheels 
is slipping. Three levers only are necessary 
to control locomotive movements ; the main 


throttle; reverse handle; and air brake 
handle. When the engines are idling and the 


reverse handle is in running position, any mo- 
vement of the locomotive throttle is relayed 
electrically through four control trunk wires 
to each power plant of the locomotive. These 
telegraphic impulses are received by an elec- 
tro-pneumatie mechanism which actuates the 
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local engine-speed governor lever, thus increas- 
ing or decreasing engine speed and controlling 
the individual power plant output. 

Situated at the head of each engine is what 
is known as a local control station, whence 
the attendant can check up the operating con- 


This locomotive has eight force-ventilated nose-sus} 
pended traction motors and is fitted with supple} 
mentary separate control for each of the two hal! 

units. 


dition of each power unit. Such control stal 
tions comprise individual fuel and lubricatin 
oil gauges, r.p.m. indicator, 12-point exhaus)} 
pyrometer and an engine water thermomete}| 
Also included are the engine starting ani 
stopping buttons and an isolation switch ha’) 
ing two positions, on and off, When tl 
switch handle is moved to off, all the electrics 
control circuits to that power plant are ope 
ed and the engine speed reduced to idling, i 
respective of the operation of the remainiy 
power units. The control circuits are clos: 
by the return of the switch to the on positial 
and the engine at once responds to whatevi| 
power demand is being called for by the poi} 
tion of the locomotive throttle. | 
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Another fitting is the trunk line alarm sys- 
tem, whereby abnormal engine conditions are 
brought to the notice of the attendant by both 
audible and visual means. This system in- 
cludes engine-water temperature and oil-pres- 
sure switches, an 8-inch electric gong, and 
four illuminated enunciator signals in each 
locomotive unit. The enunciator boxes have 
three different coloured lenses indicating hot 
engine, low oil pressure, and heating boiler 
failure. The illumination of any one of these 
three signals causes the gong to ring, and the 
ringing does not cease until the failure has 
been located and acknowledged by the placing 
of the isolation switch handle in the off posi- 
tion. The gong may also be used as a call 


[ 656. 25 (.42) ] 


2. — Power signalling. 
(Modern 
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Working diagram for the 60-volt circuit used with 
the Austinlite standby plant at Paddington. 


We attended a demonstration at Padding- 
ton recently of a 100-kw. automatic standby 
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signal for the attendant by pushing a button 
in the operator’s cab. 

Feed water pumps for the train heating boi- 
ler, fire control and train line pressure regul- 
ation is entirely automatic, and adjusted by 
means of a single hand rheostat. The steam 
train line extends the full length of each lo- 
comotive unit, to provide steam for heating 
the operator’s cab during service, and to warm 
the engine cooling water systems during 
maintenance or inspection periods. In front 
of the engine cab is a hood compartment, 
housing the 25-plate 64-volt locomotive stor- 
age battery. Access to this compartment is 
gained through a hinged door in the cab front 
partition, beneath the windscreen. 


Automatic ten by plant. 


Transport.) 


plant, which has been installed for the Great 
Western Railway by Austinlite, Limited, of 
Lighthouse Works, Smethwick, Birmingham, 
to ensure the continued functioning of the 
G.W.R colour-light signalling equipment in 
the event of a failure of the main power sup- 
ply. This equipment is of the Austinlite 
Company’s type < B » pattern, since, in the 
event of mains failure, it provides an alter- 
native source of supply following the opera- 
tion of a push-button. The arrangement of 
the plant is, however, such that the equip- 
ment on full load within 10 sec. of the 
demand being made. 

The plant comprises a Paxman-Ricardo six- 
cylinder diesel engine supplied by Davey, Pax- 
man and Co., Limited, Colchester, arranged to 
develop its rated output of 157 BHP, when 
running at a speed of 1500 r.p.m. The en- 
gine, which is equipped with a C.A.V.-Bosch 


is 


fuel pump and governor and a Burgess air 
cleaner, is mounted on an extended cast-iron 
bedplate, and is directly coupled, by means 


of a pin-type flexible coupling to an alterna- 
tor, which was built by the Electrical Con- 
struction Co., Limited, Wolverhampton, hav- 
ine an output adequate for the purpose of 


2186 


replacing the mains supply. To the end of 
the engine remote from the alternator is 
coupled a starting motor which is fed from 
a battery. The latter comprises 30 cells and 
has a capacity of 210 ampere-hours at the 
10-hour rate. When the engine is running 
under its own power at the normal speed of 
1500 r.p.m., the starting motor functions as 
a dynamo and recharges the battery to re- 
place the electrical energy used in bringing 
the set into commission. It will thus be clear 
that the standby plant involves the employ- 
ment of two separate and distinet sources of 
electricity— namely, the supply from the bat- 
tery at 60 volts D.C. which ts used solely 
for the operation and control of the standby 
plant, and the mains supply at 460 volts, 
single phase, 50 cycles, which is replaced by 
the output of the alternator on the failure 
of the mains. 


Supply voltage. 


In the event of failure of the 460-volt 
mains supply, the only operation necessary to 
start the standby plant and thus provide an 
alternative source of supply, is to press one 
or other of the two « start » push-buttons. 
These are provided in duplicate, in order to 
give both local and remote control, there being 
also corresponding « stop » push-buttons at 
the same control points for the purpose of 
stopping the standby plant. The « start » 
push-buttons have normally open contacts and 
are connected in parallel, whilst the « stop » 
push-buttons have normally closed contacts 
and are connected ‘in series. Reference to the 
accompanying diagram will show that the 
operation of either of the « start » push-but- 
tons Pl or RP1 completes the circuit from 
the battery, through the normally closed 
contact TR1 and energises the solenoid « A », 
thereby closing three normally open contacts 
« A». The closing of one of these contacts 
completes the circuit to the starting motor, 
another contact establishes a retaining cir- 
cuit for the solenoid « A », while the third 
contact energises the remainder of the con- 
trol equipment. The motor thus commences 
to crank the engine. 
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The functions of the various parallel con- 
trol circuits are as follows Circuit (a) 
through solenoid FC. The closure of the third 
contact « A » directly energises the fuel con- 
trol solenoid FO, which thereby opens the 
valve and ensures that fuel is available im- 
mediately on commencement of rotation of the 
engine by the motor. Circuit (b) through 
solenoid B, and solenoid R2 in parallel with 
thermal relay TRI. The coil of solenoid R2 
is energised immediately upon the closure of 
the third contact « A », provided that the 
contacts of the centrifugal switch CHS are 
closed (on account of the engine speed being 
below a predetermined figure), or that the 
contact PR of the oil pressure relay is closed. 
The energisation of solenoid R2 opens the nor- 
mally closed contacts R2 in the circuit of 
solenoid <« B », hence this solenoid is not ener- 
gised and the starting turns are retained in 
the motor circuit. Simultaneously, the tem- 
perature of thermal relay TR1 commences to 
rise, due to the parallel circuit with R2, and 
should the engine fail to build up the requi- 
site oil pressure, or should the speed of the 
engine be insufficient to open the contacts 
of the centrifugal switch CHS, the thermal 
relay TR1 will function to close the normally 
open contacts TRI in the circuit of an audi- 
ble alarm (thus causing it to give a corres- 
ponding indication), and will also open the 
normally closed contact TR1 in the circuit 
of solenoid « A », thereby causing the whole 
of the starting mechanism to become de-ener- 
gised and bringing the entire plant to a stand- 
still. Under normal conditions, however, the 
starting motor causes the engine rapidly to 
reach its full running speed. 


Safeguards. 


As soon as the engine attains normal speed 
(cireuit (c) through solenoid Rl) the starter 
motor ceases to function as such, and becomes 
a generator for the purpose of recharging” the 
starter battery. Thermal voltage relay TR3 
obtains a feed through contact « A »; the 
heater element of TR3 is connected across the 
starter battery, and is thereby subjected to 
its rising voltage. When thermal relay TR3 
is fully actuated, and has closed its normally 
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open contact TR3, the solenoid R1 is energis- 
ed, closing the normally open contact Rl and 
providing a locking circuit for its coil, at 
the same time removing the short circuit 
from part of the field resistance of the ma- 
chine by opening normally contacts Rl. The 
charge rate to the battery is therefore re- 
duced to a trickle rate for the duration of the 
run, it having become fully charged as detect- 
ed by TR3. Immediately the pressure in the 
lubrication system reaches 10 lb. per sq. in., 
the contacts of the oil pressure relay PR open, 
the solenoid R2 still being energised by the 
normally closed contact of the centrifugal 
switch CHS. When the engine attains a 
speed approximately 75 per cent. of the nor- 
mal, the centrifugal switch CHS operates and 
the normally closed contact is opened, thus 
breaking the circuit through the solenoid R2, 
and resulting in the closing of the contacts 
R2 in the circuit of solenoid « B » and the 
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consequent energisation of the latter. This 
solenoid short circuits the starting turns in 
the starter motor by closing the normally 
open contacts « B ». The order of operation 
of contact CHS and PR is immaterial, since 
solenoid « B » can only be energised if both 
these contacts are open. Should the engine 
reach its normal revolutions per minute and 
through inadequate lubrication or excessive 
overload run unduly hot, the water tempera- 
ture relay TH1 will ‘close, thereby completing 
the circuit through TR1 with the result that 
the plant will cease to operate. A room tem- . 
perature relay TH2 is fitted, so that should 
the cooling water temperature become un- 
duly low, rendering it likely to freeze, the 
circuit through TRI is closed, and the alarm 
bell operated. The measuring instruments in- 
clude voltmeter, kilowatt-hour meter and fre- 
quency meter, together with fuses and switch- 
gear. 
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